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ABSTRACT.

Platelet activation results in two major changes at the platelet surface: a change in GPIIb- 

Illa, exposing the previously cryptic fibrinogen binding site and fusion of platelet and 

granule membranes, leading to the expression of the two known granule membrane 

proteins, GMP-140 (a-granule) and GP53 (lysosome).

Anti-GPIIb-IIIamonoclonal antibodies (MAbs) were raised and characterised in functional 

and flow cytometric assays. Competitive binding studies, with these and a panel of anti- 

GPIIb-IIIa MAbs, identified distinct epitopes on the complex important in influencing 

fibrinogen receptor exposure. Platelet aggregation was totally inhibited by MAbs binding 

to two conformation-dependent sites, one on GPIIb-IIIa and one on GPIIIa. A second 

group of antibodies, heterogeneous in their inhibitory effects on platelet aggregation, 

bound to overlapping sites on GPIIb-IIIa, GPIIb and GPIIIa. Three conformation-specific 

sites were identified, which induced platelet aggregation in the absence of any other 

agonist. All inhibitory MAbs totally inhibited fibrinogen binding to ADP-stimulated 

platelets and evidence is presented that fibrinogen and von Willebrand Factor bind to 

GPIIb-IIIa in a comparable and competitive way.

Anti-GMP-140and anti-GP53 MAbs, raised against activated platelets, were characterised 

in Western blotting and phenotypic studies. Anti-GP53 MAbs were heterogeneous in 

their reactivity with a number of cell types; in particular, one MAb, RFAC-4, failed to 

bind to platelets from albino patients: a finding that may reflect the homology of GP53 

with the melanoma-associated antigen, ME491. Flow cytometric, antibody binding 

studies showed that whilst the expression of both GMP-140 and GP53 was up-regulated 

over very similar thrombin concentrations, their expression ADP-stimulated platelets 

differed: GMP-140 was not detected on these cells but a partial expression of GP53 was 

seen. Using a whole blood, flow cytometric method, which minimises platelet activation 

in vitro. GP53 was shown to be a useful marker of platelet activation in the ex vivo 

analysis of platelets in a several clinical conditions.
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1. INTRODUCTION.



1. INTRODUCTION.

Platelets have an important role in the haemostatic response. In response to vessel injury 

platelets adhere to the subendothelial connective tissue exposed by trauma and platelet- 

platelet interactions permit the formation of large aggregates that can function to seal off 

damaged vessels.

Platelets circulate in the blood as small discoid cells, (2 - 4um in diameter and lum 

thick). In this form there is little interaction with the vessel wall or other components 

of the vascular system. However, on contact with damaged endothelium or when 

exposed to various specific, soluble agents, this otherwise inert cell undergoes an 

explosive set of morphological and biochemical changes, referred to as platelet activation. 

Platelet activation is mediated by specific receptors at the membrane level, in response 

to tissue injury. It comprises adherence to the damaged endothelium, shape change, the 

release of granule contents, and platelet aggregation. These events encourage further 

platelet activation and bring about involvement of the coagulation cascade.

1.1. Platelet Ultrastructure.

Although the platelet is a small, anuclear cell, its structural features and cytoplasmic 

inclusions are of vital importance for normal haemostasis to ensue. The salient features 

of platelet morphology are as follows (Figure 1.1).

1.1.1. Exterior coat.

The composition of the cell surface is similar to that of other human cells, comprising 

an exterior coat or glycocalyx, a unit membrane and a submembrane region. The 

glycocalyx is an extremely dense layer, of thickness 150 - 200A, rich in glycoproteins; 

these will be discussed later. In contrast to other cells, the platelet membrane is highly 

invaginated The invaginations comprise the canaliculi of the surface connected 

canalicular system (SCCS) and greatly increase the surface area of the platelet exposed 

to the external milieu (Behnke 1970). The suggestion that this may provide a route by 

means of which particulate substances can be transported was supported by the
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observation that polylysine and polybrene can be taken up from the external media and 

localised in the platelet granules (White 1973).

The dense tubular system (DTS) is a second channel system, derived from the smooth 

endoplasmic reticulum from the parent megakaryocyte. The DTS has been shown to be 

a potential site of Ca2+ sequestration, maintaining low levels of cytoplasmic calcium and 

hence platelet quiescence and discoid shape. The DTS has a Ca2+ pump capable of 

pumping calcium out of the platelet cytoplasm into the DTS and possibly out of the 

platelet itself (Cutler et al 1978). In addition, the membranes of the DTS have been 

shown to contain enzymes involved in converting arachidonate to endoperoxides and 

thromboxane, and this is thought to be a second and probably more important route for 

Ca2+ regulation (Carey et al 1982, Menashi et al 1984).

1.1.2. The Unit Membrane.

The unit membrane is of integral importance in the maintenance of ionic gradients, and 

has been demonstrated to have a Na+/K+ ATPase as well as other anionic and cationic 

pumps. The trilaminar unit membrane is rich in phospholipids and lipoprotein. 

Negatively charged phospholipids are virtually absent from the outer surface of 

unstimulated platelets, being almost exclusively located at the inner face of the cell 

membrane (Zwaal et al 1977). On platelet stimulation about 25% of the phosphotidyl 

serine becomes exposed on the platelet outer surface, perhaps through a transbilayer 

movement or ’flip-flop* (Bevers et al 1982 and 1983), where it is involved in the 

assembly of the prothrombinase complex.

1.1.3. Submembrane region.

The platelet cytoskeleton is composed mainly of actin filaments, the organisation of which 

is regulated by association with other proteins such as P235 and myosin. Platelets also 

contain a membrane skeleton, comprised of short actin filaments cross-linked by actin- 

binding protein (Fox 1985a and 1985b), which functions to stabilise the lipid bilayer and 

maintain organisation of platelet membrane receptors. Disruption of the membrane 

skeleton, following platelet activation, permits the flow of membrane components 

required for platelet spreading over damaged endothelia.
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1.1.4. Circumferential microtubules.

These are important in generating a wave of contraction forcing the intracellular 

organelles into the central region in the cell, coinciding with platelet shape change to 

form a spiny sphere. Microfilaments form a tight-fitting web around the contracted 

microtubules (White 1987). When secretion occurs the organisation becomes ruptured, 

leaving a mass of contractile filaments in the cell centre. If secretion does not occur, the 

filaments revert back to their original orientation.

1,1,5, Platelet Organelles,

Alpha granules (a-granules):

Alpha granules are the most abundant cytoplasmic inclusion, numbering about 50 

spherical or elongated structures per cell. They were originally considered to be 

lysosomes, but Siegel and Luscher (1967) proved that the two types of organelle could 

be separated by means of density centrifugation. Alpha granules contain von Willebrand 

Factor (vWF) fibrinogen, j8-thromboglobulin (/3-TG), Platelet Factor 4 (PF4) (Sander et 

al 1983, Stenberg et al 1984a), thrombospondin (TSP), fibronectin (Fn), platelet derived 

growth factor (PDGF), chemotactic factor, permeability factor, platelet-associated 

Immunoglobulins, (IgG, IgM and IgA) and albumin (Pfueller and David 1988). Alpha 

granules are markedly heterogeneous in ultrastructure and can be described in terms of 

three main zones within a diffuse granular matrix: a dense nucleoid region separated from 

an electrolucent region by a region of intermediate density (Cramer et al 1985). It has 

been suggested that von Willebrand Factor (vWF) in the a-granules is associated with 

tubular structures in the electroluscent region (Cramer et al 1985); and consequently that 

these tubules may in fact be a coiled form of vWF, or vWF complexed to a proteoglycan 

carrier molecule. This has been implied further from immunogold studies on platelets 

from pigs with severe vWD, in which these tubular-like structures were absent (Cramer 

et al 1986). Fibrinogen, thrombospondin and fibronectin are all localised between the 

tubules and the intermediate nucleoid region, adding further evidence to the suggestion 

of compartmentalisation within the a-granules (Yamazaki et al 1989). The a-granule 

proteins can broadly be divided into two main groups, those synthesised in the
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megakaryocyte and those synthesised by other cell types, and taken up by the 

megakaryocyte during differentiation. It has been postulated, however, that fibrinogen 

is taken up into the a-granules from the plasma, not only by megakaryocytes but also by 

circulating platelets (Handagama et al 1989, Harrison et al 1989), although earlier studies 

by James et al (1977) and Karpatkin et al (1984) failed to detect plasma-platelet 

interchange. The a-granule membrane has been shown to bear the fibrinogen receptor 

(GPIIb-ma) on its internal membrane, and Harrison et al (1989) speculated that this 

might be involved in mediating the ex vivo fibrinogen uptake he was able to demonstrate 

in afibrinogenaemic patients. It has also been shown that immunoglobulin can be taken 

up by circulating platelets (George 1990).

Dense bodies:

The dense bodies or amine storage granules can be distinguished from other organelles 

by their greater electron density and ’bullseye-like’ appearance in electron micrographs. 

They are 100 - 200nm in diameter (Tranzier et al 1966, Da Prada et al 1971 and 1972), 

and number on average 5.4 per platelet (Corash 1984). The principal constituents are the 

secretable pool of adenosine triphosphate (ATP) and adenosine diphosphate (ADP), at a 

ratio of 2:3 (contrasting with 8 - 10:1 in the metabolic pool), pyrophosphate, calcium, 

magnesium and serotonin (Wood 1965). Only about 80% of the dense bodies are 

exocytosed on maximal platelet stimulation. Dense bodies are not observed within the 

cytoplasm of the megakaryocyte, although it has been suggested that they may pre-exist 

in a form that does not store serotonin and that serotonin is taken up by the circulating 

platelet (Pletcher et al 1971). Evidence supporting this is supplied by Tranzier et al 

(1972): loading guinea pigs with serotonin, by intraperitoneal injection, was found to 

induce many osmophilic organelles, indistinguishable from the dense bodies of platelets, 

in the megakaryocytes of these animals.

Lysosomes:

These are small vesicles of 175 - 250nm in diameter, less numerous than a-granules, 

containing acid phosphatase, /8-glucuronidase, cathepsin and Platelet Factor 3 (PF3), and 

can be recognised early on in megakaryocyte differentiation. On electron microscopy
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they appear as variably sized structures which bud from the Golgi-associated ciistemae. 

On platelet secretion lysosomal enzymes are released into the external media paivey and 

Luscher 1968, Holmsen and Day 1968, Holmsen and Day 1970). However, t hias been 

shown that lysosomal enzyme release requires a higher agonist concentration tlarn that for 

other granules (Holmsen and Day 1970, Kaplan et al 1979). Lysosomes aire more 

heterogeneous in nature than either the a-granules or dense bodies and it hias been 

proposed that two distinct classes of organelle exist with different seecretory 

characteristics. In response to strong agonists, such as thrombin or collagen, ab»out 30 - 

50% of the total platelet N-acetylglucosamidases, /3-glucuronidase and /3-galadossidase is 

secreted, in contrast to only 6 - 10% of /3-glycerophosphatase or /3-glucuroniiasse. The 

intravascular distribution of /3-glycerophosphatase also differs from that of N- 

nitrophenylphosphatase, which appears to be more closely associated with thelyjsosomal 

membrane.

Other Organelles:

Platelets have also been shown to contain microperoxisomes, small cytoplasmicincelusions 

varying in size from 0.13 to 0.3um containing catalase and other oxidases.

Platelet mitochondria are similar to those of other cells and will not be discmsetd here.

1.1.6. Platelet Granule Defects:

Weiss et al (1979) classified storage pool disorders (SPD) in terms of the specific granule 

deficiency, a  SPD corresponding to a deficiency in a-granules, 5 SPD, a deficiency of 

dense bodies and ad SPD corresponding to a combined deficiency.

Platelets from patients with 5 SPD have reduced levels of the non-metabolic storaige pool 

of adenine nucleotides. Secretion of the a-granule proteins and lysosomal enz5m(es were 

also impaired in this condition, despite normal phosphorylation of contractile piroteins; 

the addition of ADP to thrombin-stimulated platelets, however, results in the lesttoration 

of an otherwise impaired aggregatory response (Rendu et al 1987b), suggesting thiat ADP 

secretion is required for normal platelet activation.
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Hermansky-Pudlak Syndrome (HPS) is a rare disease characterised by tyrosinase-positive 

oculocutaneous albinism, a bleeding tendency and the presence of a ceroid-like pigment 

in the reticuloendothelial cells of the bone marrow, lungs and intestine, combined with 

a d SPD deficiency. In response to thrombin, platelets from patients with HPS have also 

been demonstrated to release reduced levels of lysosomal enzymes compared with that 

of normal controls (Hardisty et al 1972). Although the functional defect in this disorder 

is largely comparable to that observed in b SPD, the underlying mechanism of this 

disorder is thought to be discrete (White 1987).

Chediak-Higashi Syndrome (CHS) is a rare autosomally-inherited storage pool disorder 

associated with a deficiency in dense bodies and hence, adenine nucleotides and serotonin 

(Chediak 1952, Higashi 1954). Patients with CHS have large and abnormal lysosomes 

in platelets, (White 1978) neutrophils and other cell types. Patients present clinically 

with photophobia, pseudoalbinism (defective pigmentation of the hair, skin and a partial 

oculocutaneous albinism), a marked susceptibility to infection and hepatosplenomegaly. 

From studies with beige and pale ear mice, a genetic link between lysosome, melanosome 

and platelet dense body formation has been suggested (Novak et al 1981 and 1984) and 

it suggested that master genes can simultaneously affect the structure and function of 

several different intracellular organelles.

Grey Platelet Syndrome (GPS) was first described by Raccunglia (1971) as a mild 

thrombocytopaenia associated with a bleeding tendency; the large, agranular platelets 

were identified by their blue-grey appearance on Wright stained peripheral blood smears. 

This is a specific deficiency of a-granules and associated a-granule contents (Gerrard 

et al 1980, Nurden et al 1982). Normal levels of IgG, IgA and IgM are observed in this 

disorder, however, these immunoglobulins are not released from grey platelets on 

secretion, suggesting occupancy of a site, distinct from the a-granules in these patients 

(Pfueller and David 1988).

Gerrard et al (1980) observed an apparent increase in the channels of the SCCS, and 

suggested that this may be due to the presence of empty a-granules and this was further 

substantiated by Rosa et al (1987). Using immunogold techniques with antibodies to an 

a-granule membrane protein (GMP-140), Rosa et al identified the membranes of the 

’empty’ granules as a-granule membranes. GPS thus appears to be a defect in
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’packaging’, rather than synthesis of the a-granule proteins, as the plasma levels of these 

proteins are generally within the normal range in these patients, if  not increased.

1.2. Platelet Membrane Glycoproteins.

The glycocalyx is rich in glycoproteins which function as receptors for specific 

molecules, including adhesive proteins (eg fibrinogen, vWF and fibronectin), platelet 

agonists (eg ADP and collagen) or antagonists (eg Prostaglandins E2; PGEi and 

Prostaglandin I2; PGI2). They can act as transport systems and serve to localize 

coagulation proteins and mediate enzymatic events in the coagulation cascade.

Platelet membrane glycoprotein nomenclature was originally based on their 

electrophoretic mobility on polyacrylamide gel electrophoresis: three main bands were 

identified, termed GPI, GPII and GPIII (Nachman and Ferris 1972, Phillips 1972). 

However, improved techniques identified a number of other glycoproteins, which were 

distinguished by suffixing a lower case letter. Greek letters are used to describe the 

subunit chains (a  and (3). The majority of platelet membrane glycoproteins are integral 

proteins.

Table 1.1. summarises the major glycoproteins present on normal platelets.

1.2.1.1. Glycoprotein lb (GPIb; CD42).

GPIb has an important role in platelet adhesion to the subendothelium of damaged 

vessels, both at high (Weiss et al 1974) and low (Sakaraissen et al 1986) shear rates. 

It is composed of two subunits, of molecular weights 140 and 27 kDa (a  and (3 subunits 

respectively) linked by disulphide bonds. Limited proteolytic cleavage of the complex 

has allowed immunological and functional characterisation of three distinct domains 

within the GPIba chain; the outer N-terminal 45 kDa region of GPIb is a compact 

globular domain with two N-linked oligosaccharides and a disulphide loop. The binding 

site for vWF has been located to a region between residues Asp 235 and Lys 262, and 

the thrombin binding site between residues Phe 216 and Ala 291 (Tanoue et al 1989), 

with a possible centre at 215 to 240 (Katagiri et al 1990). The next 90 kDa consist of 

a highly glycosylated region. The C-terminal region is unglycosylated and closely
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Table 1.1.
Platelet Membrane Glycoproteins.

Receptor Subunits Molecular Weight 

(kDa) 

Reduced

Complexed with CD No

GPIa Single chain 167kDa GPIc and GPIc’

GPIb a and 0 140 and 27 kDa GPIX CD42

GPIc a  and 0 134 and 27 kDa GPIa CD49e

GPIc’ GPIa CD49f

GPId under GPIc

GPIIa Single chain 157 kDa

GPIIb a  and 0 125 and 25 kDa GPIIIa CD41

GPHd under GPIIIa

GPma Single chain 110 kDa GPIIb CD41/61

GPIIIb or GPIV 88 kDa CD36

GPmc

GPIVa or GPIVb Single chain 97 kDa

GPV Single chain 82 kDa

GPVI

GPVII

GPIX Single chain 17 - 22 kDa GPIb

p24 Single chain 24 kDa CD9
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associated with the plasma membrane, it contains a transmembrane region which provides 

a link with the cytoskeleton. This C-terminal region is linked by disulphide bonds to 

GPIb/3 and also covalently linked to GPIX. GPIb is complexed with GPIX at a ratio of 

1:1, and is also closely associated with actin-binding protein in platelet lysates (Okita et 

al 1985). The latter finding and the linkage between GPIb and the triton-insoluble 

cytoskeleton suggests a transmembrane linkage may exist between GPIb and actin-binding 

protein in intact platelets. A schematic representation of GPIb is shown in Figure 1.2.

The GPIb molecule was considered to be platelet specific, however, the cell lines HEL 

and U937 have been found to express GPIb/3 and a 60 kDa molecule, related to GPIb a, 

which is incompletely glycosylated (Lopez et al 1987, Kieffer et al 1988). A molecule 

has also been found on endothelial cells capable of binding vWF (Asch et al 1986) 

although Western blot analysis of endothelial cell lysates with MAbs to GPIb failed to 

identify a GPIb-like molecule (Sugiyama et al 1989).

GPIb mediates the adhesion of resting platelets to vWF on subendothelial connective 

tissue (Sakariassen et al 1986) and is responsible for vWF-dependent platelet aggregation 

seen in vitro following platelet stimulation with the antibiotic, ristocetin. Binding to this 

glycoprotein does not require active platelet metabolism, as it can occur with both fresh 

and fixed platelets (Howard and Firkin 1971). There is a second site for vWF binding 

on the GPHb-IIIa complex: binding to GPIIb-IIIa requires active metabolism and the 

presence of divalent cations and will be discussed later in the context of this glycoprotein 

complex.

Bernard Soulier Syndrome (BSS):

Bernard Soulier Syndrome (BSS) is a rare autosomal recessive disorder identified by an 

inability of these platelets to agglutinate in response to ristocetin (Howard and Firkin 

1971). vWF-mediated adherence of BSS platelets to the subendothelium is impaired at 

both high and low shear rates. Nurden and Caen (1975) and Jenkins et al (1976) were 

the first to equate a lack of GPIb with the clinical bleeding tendency observed in these 

patients. The association between GPIb and GPIX was further evidenced by the 

observation that GPIX was reduced generally to the same levels as GPIb in afflicted 

patients (Clemetson et al 1982).

25



VWF

Thrombin

Iba

IX

Ib(3
r-s-s-

Plasma Membrane

Actin Binding
Protein
(filamin)

Actin

Figure 1.2.

Diagrammatic representation of GPIb. GPIb consists of an a  and 0 chains 
and is associated with a further GP, GPIX.
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In addition to GPIb and GPIX, Clemetson et al also demonstrated that GPV was reduced 

in platelets from patients with BSS, although a physical association between GPV and 

either GPIb or GPIX has not been demonstrated. GPIb-IX and GPV have been 

demonstrated to share a leucine-rich structure, suggesting that they may belong to a 

common family of receptors, but no single denominator has been found to explain the 

common deficiency observed in patients with BSS (Roth et al 1990).

BSS platelets have a decreased sensitivity to thrombin and a decreased ability to bind 

thrombin at high and low affinity receptors (Jamieson and Okamura 1978). Jenkins et 

al (1981) showed that BSS platelets have a reduced ability to bind and agglutinate in 

response to a-thrombin, whilst Wicki and Clemetson (1985) showed that anti-GPIa/Ib and 

anti-glycocalycin antibodies blocked thrombin-induced activation of washed platelets.

In addition to GPIb, GPV has also been found to interact with thrombin, but whilst GPV 

acts as a substrate for thrombin, GPIb does not. GPV may transmit the transmembrane 

signal whilst GPIb may potentiate the response by orientating the active site in such a 

way as to facilitate GPV cleavage. Thrombin actively cleaves GPV (MWt 82,000) 

releasing a soluble fragment, GPVfl, of molecular weight 69,500 kDa (Bemdt and 

Phillips 1981).

1.2.1.2. Glycoprotein TV (GP1V; CD36).

This surface membrane receptor numbers 12,000 copies per platelet (Aiken et al 1990). 

Two roles have been suggested for Glycoprotein IV (GPIV); firstly as a receptor for 

thrombospondin (Asch et al 1987, Tuszynski et al 1988, McGregor et al 1989) and 

secondly as a receptor for collagen (Tandon and Jamieson 1988).

Both Wolff et al (1986) and Aiken et al (1987) demonstrated two distinct pathways 

mediating the binding of thrombospondin, one being divalent ion-dependent and the other 

divalent ion-independent. However, neither pathway was found to be inhibited by the 

anti-GPIV MAb, OKM5. A close proximity between GPIIb-IIIa and GPIV has been 

suggested (Leung and Nachman 1982) since anti-GPIIb-IHa (CD41) MAbs have been 

demonstrated to inhibit thrombospondin binding to GPIV, and conversely, anti-GPIV 

MAbs have been demonstrated to inhibit fibrinogen binding (Plow et al 1985a).

Recent studies with anti-GPIV monoclonal antibodies have suggested that GPIV may act
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as a primary receptor for collagen and mediate platelet-collagen interactions (Tandon et 

al 1989). These MAbs severely inhibited collagen-induced aggregation, but not ADP- 

or adrenaline-induced aggregation.

GPIV has been demonstrated to mediate the cytoadherence of erythrocytes infected with 

Plasmodium falciparum to monocytes, endothelial cells and C32-melanoma cells 

(Barnwell et al 1985); cells which also express GPIV.

1.2.1.3. Glycoprotein VI (GPVI).

This glycoprotein (GPVI) is markedly heterogeneous, and found to consist of one band 

at a basic pH and two bands at an acidic pH, differing in molecular weight by 5000 kDa 

on 2-D iso-electric focusing (Clemetson et al 1982).

GPVI has been implicated as a putative collagen receptor. Moroi et al (1989) described 

a patient with a deficiency in GPVI, and demonstrated a selective failure of platelets from 

this patient to aggregate in response to collagen. In addition, Sugiyama et al (1989) 

reported a patient with idiopathic thrombocytopaenia purpura (ITP) with an antibody 

directed against a protein of the same molecular weight as GPVI (62 kDa), which blocked 

collagen-induced aggregation in vitro.

1.2.1.4. CD9 (p24 antigen).

The CD9 antigen is a single polypeptide chain of molecular weight 24,000 kDa, 

containing no intra-chain disulphide linkages. On labelling cells with lipophilic nitrene, 

the CD9 antigen fails to become labelled, suggesting that it is not an integral membrane 

protein, although it has been shown to bind tightly to the cell membrane (Newman et al 

1982). MAb binding studies show the CD9 molecule to have a broad tissue distribution: 

being found B cells, monocytes and several leukaemic cell lines (von dem Borne and 

Modderman 1989), and has also been suggested to react with keratin-like structures in 

the skin (Tang et al 1989).
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1.2.2. The Integrin Family.

The Integrin family is a family of cell surface receptors, involved in cell-matrix or cell

cell interactions. Integrins are dependent on divalent cations for integrity and/or 

function. Three main subfamilies have been described, each defined by a common f t  

subunit: these include the Very Late Antigen (VLA) proteins (ft), the Leucocyte Cell 

Adhesion Molecules (LEU-CAM) (ft) and the Cytoadhesins (ft). A summary is given 

in Table 1.2.

The VLA proteins include at least six related heterodimers, three of which, VLA-2 

(c*2ft ) , VLA-5 (a5ft) and VLA-6 (c^ft) correspond to glycoproteins present on the 

platelet surface membrane and have been found to function as receptors for collagen, 

fibronectin and laminin respectively. The function of VLA-1 and VLA-4 are as yet 

unknown, but VLA-3 acts as a leucocyte receptor for laminin. The primary structure of 

many of the a  and (3 chains has been determined from nucleotide sequencing of the 

corresponding cDNA’s, and the VLA a  molecules have been shown to share an average 

of about 40% homology. VLA-2, VLA-5 and VLA-6 are discussed under the sections 

entitled GPIa-IIa, GPIc-IIa and GPIc’-IIa respectively.

The Leucocyte Cell Adhesion Molecules (LEU-CAM) include LFA-1, an antigen found 

on most lymphocytes which participates in cell-cell interactions during T cell and natural 

killer cell mediated interactions and also acts as an adhesive molecule for interactions 

between leucocytes and endothelium. Mac-1 is found predominantly on macrophages and 

granulocytes and is a receptor for C3bi, and is also involved in macrophage and 

neutrophil adhesion. The third antigen, pl50,95, has a similar function to Mac-1, but 

a different distribution.

The Cytoadhesins comprise the GPIIb-IIIa complex and vitronectin receptor, and will be 

discussed in section 1.2.2.4.

The next sections will discuss only those integrins found on the platelet.
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Table 1.2. Members of the Integrin Receptor Family.

Integrin. Probable subunit 

Composition.

Known Ligands Known Functions

VERY LATE ANTIGENS.

VLA-1 -

VLA-2 <*201 Coll

VLA-3 <*301 Lm

VLA-4 <*401 V-CAM-1

VLA-5 <*501 Fn

VLA-6 <*601 Lm

LEU-CAMs

LFA-1 <*L02 Leukocyte adhesion 

T lymphocyte help and 

lymphocytecytotoxicity

Mac-1 <*M02 C3bi

pl50,95 <*X02 C3bi Binds C3bi 

Monocyte and 

Neutrophil adhesion

CYTOADHESINS.

Vitronectin receptor <*V0 3 Vn Adhesion to vitronectin

Glycoprotein Hb-IIIa <*Db03 Fn Fgn Vn vWF Platelet adhesion 

and aggregation

KEY: Fn, Fibronectin; Lm, Laminin; Vn, Vitronectin; C3, Complement 3 fragment
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1.2.2.1. Glycoprotein Ia-IIa (VLA-2; CD49b).

The Glycoprotein Ia-IIa (GPIa-IIa) complex on platelets is thought to be identical to the 

VLA-2 complex identified on lymphocytes and other cells. In the presence of Mg2+ ions, 

GPIa-IIa mediates the adhesion of washed, resting platelets to collagen types I and III 

(Takada et al 1987b, Kunicki et al 1988, Coller et al 1989). Adhesion is greatly reduced 

in a plasma environment. Although adhesive interactions with monomeric and fibrillar 

collagen have been demonstrated, only the former has been shown to give rise to platelet 

aggregation and a secretory response (Santoro 1986). It has been shown that GPIa 

interactions with collagen are dependent on free sulphydryl groups as destruction of the 

disulphide bridges within GPIa, prevents platelet adhesion (Lakav et al 1989). Platelet 

adhesion to exposed collagen is reinforced by the binding of further plasma proteins, such 

as fibronectin and vWF (Houdijik et al 1985), involving other members of the Integrin 

family.

Patients deficient in GPIa have been described by Nieuwenhuis et al (1985) and Handa 

et al (1989) with defective responses to collagen. The patient described by Nieuwenhuis 

et al presented with a prolonged bleeding time, easy bruising and a total unresponsiveness 

to collagen, although other agonists induced a normal pattern of aggregation. In studies 

using flow conditions mimicking those in vivo, collagen-induced platelet adherence was 

dramatically reduced and platelet spreading absent (Nieuwenhuis et al 1986), suggesting 

a biological role for GPIa-IIa in collagen-mediated vessel wall interaction. Similar 

findings were described by Kehrel et al (1987), in a patient deficient in both GPIa and 

intact thrombospondin. However, on pre-incubation of this patient’s platelets with intact 

thrombospondin, collagen-induced aggregation was normal.

Despite a putative role of GPIa-IIa as the collagen receptor on platelets, platelet-collagen 

interactions mediated via GPIV and/or GPIIb-IIIa may also be important in vivo (Coller 

et al 1989a, Parmentier et al 1989 and 1990).

1.2.2.2. Glycoprotein Ic-IIa (VLA-S; CD49e).

The presence of two distinct GPIc proteins corresponding to the a s and a 6 subunits of 

VLA-5 and VLA-6 respectively, was first demonstrated by Hemler et al (1987) using an 

immunoprecipitation procedure. A MAb has been described which precipitates the GPIc-
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Ha complex and inhibits adhesion of non-activated human platelets to solid phase human 

fibronectin, but with no effect on adhesion to collagen (Wayner and Carter 1987). 

GPIc-na is involved in the initial adhesion of fibronectin to resting platelets (Takada et 

al 1987a), but not in spreading, which is mediated by GPnb-HIa following platelet 

activation (Piotrowiacz et al 1988). In T cells, VLA-5 (in addition to VLA-4) has a role 

in signal transduction, augmenting the T cell response, but it is not known if any such 

mechanism occurs in platelets.

1.2.2.3. Glycoprotein Ic’-IIa (VLA-6; CD49f).

This complex corresponds to the VLA-6 antigen (c*6 (3 .̂ From adhesion studies, 

blocking with the MAb, GoH3, GPIc’-IIa has been shown specifically to mediate the 

interaction between platelets and laminin (Sonnenberg et al 1988). This interaction is 

dependent on divalent cations, specifically Mg2+, although a higher degree of adhesion 

can be obtained when, Mn2+ or Co2+ are also included; a requirement for Ca2+ has not 

been demonstrated (Sonnenberg et al 1991).

1.2.2.4. Glycoprotein llb-llla (GPIIb-lIIa; CD41).

GPIIb-nia is the most abundant glycoprotein on the platelet surface representing 1 to 2% 

of the total platelet protein (Jennings and Phillips 1982) and numbering an average of

50,000 molecules per platelet. Like other integrins it is a calcium-dependent 

heterodimer, the complex of which can be easily dissociated by means of calcium 

chelators, such as EDTA (Pidard et al 1986). This complex has also been shown to be 

associated with the surface connected canalicular system (Woods et al 1986) and the «- 

granules (Wencel and Drake 1986), these internal pools becoming externalised on 

degranulation (George et al 1986, Niija et al 1987).

The complex consists of one large molecule of GPIIb (MWt 140 kDa), composed of a 

heavy (a) and light (J3) chain of molecular weight, 125 kDa and 25 kDa respectively, 

non-covalently linked to GPnia, a single polypeptide chain of molecular weight of 

approximately 110 kDa, (Carrell et al 1985) (Figure 1.3).

GPIIb-nia has a marked immunological and structural homology with the vitronectin
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Newman et al (1985b), using a combination of one dimensional peptide mapping and 

enzymic deglycosylation of the GPHb-IIIa complex, have shown that the PLA1 antigen 

is in fact located at amino acid position 33, at the opposite end of the GPIIIa molecule 

to that shown in Figure 1.3.



Fibrinogen
VWF

Fibronectin

Ilb a
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Plasma Membrane

Figure 1.3.

Diagrammatic representation of the GPIIb-IIIa complex. GPIIb-IIIa is a 
Ca2+ dependent heterodimer. GPIIb consists of two chains GPIIba and 
GPIIb/3 linked by disulphide bridges, GPIIIa is a single chain polypeptide 
linked by two disulphide interchain links.

33



receptor. Platelet GPIIIa (/?3-subunit) and the ft-subunit of the vitronectin receptor on 

endothelial cells and melanoma cells, have identical amino terminal sequences (Ginsberg 

et al 1987). Several MAbs have been shown to interact with the jS3 chain of both the 

vitronectin receptor and GPIIb-IIIa: these have been clustered in the Fourth International 

Differentiation of Leucocyte Antigen Workshop as CD61. The a-subunit, GPIIb, 

consists of disulphide-linked heavy and light chains processed from a single polypeptide 

precursor (Bray et al 1986) and has been shown to share 41 % DNA homology and 74% 

amino acid homology with the vitronectin receptor (Poncz et al 1987).

The GPIIb-IIIa complex has also been found on HEL cells, and it is from this cell line 

that the complete primary sequence has been established by cloning cDNA. GPIIIa was 

initially cloned from human endothelial cells, but has since been found to be identical to 

that of HEL cells (Fitzgerald et al 1987). The expression of GPIIb-IHa on the plasma 

membrane has been studied in megakaryocytes derived from patients with chronic 

myelogenous leukaemia (Duperray et al 1989). Using pulse-chase experiments, Duperray 

et al demonstrated the existence of a pool of pro-GPIIb-IHa complexes, together with a 

pool of free GPIIIa (approximately 60%). Very little free GPIIb was detected in the 

cytoplasm of these cells. Studies by Silver et al (1987) and Bray et al (1988) have 

suggested that the synthesis of GPIIb and GPIIIa are directed by different species of 

mRNA and complexed before delivery to the plasma membrane. The molecular weights 

of the precursors of GPIIb and GPIIIa in HEL cells, translated in vitro, were found to 

be consistent with those expected of reduced, non-glycosylated GPIIb-IIIa (Silver et al 

1987). The genes encoding GPIIb and GPIIIa share very litle homology, suggesting that 

they do not dervive from a common ancestor (Plow et al 1986, Charo et al 1986), 

although both are located on the long arm of chromosome 17, in contrast to other 

integrins, which are located on separate chromosomes. Pulse-chase experiments have 

shown that they are separated by a distance of 250 kb, although their respective 

orientation has yet to be determined (Bray et al 1988).
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Glanzmann’s thrombasthenia (GT):

This is an autosomal recessive disorder, first recognised by the inability of platelets to 

clump on a blood smear and by their defective clot retraction (Glanzmann 1918). The 

defect was first associated with a glycoprotein deficiency on SDS-PAGE analysis (Nurden 

and Caen 1974, Phillips et al 1975) and later identified as a deficiency in GPIIb-IIIa 

(Phillips and Poh-Agin 1977) from the plasma membrane, ^-granules and SCCS. In type 

I GT GPIIb-IIIa is absent, but type II is characterised by 10-20%  of the normal amount 

of this glycoprotein (Djaffar et al 1991). It is interesting to note that this autosomal 

recessive disorder affects the synthesis of two glycoproteins, suggesting that either 

regulation of expression or post-translational processing is affected. DNA analysis of GT 

families have so far been fairly uninformative (Coller et al 1986b) but a family with GT 

has been described, in which there is a specific deletion in the GPIIIa gene (Bray and 

Shuman 1990).

GPIIb-IIIa is a receptor for Fibrinogen:

Following platelet activation the GPIIb-IIIa complex converts to form a functional 

fibrinogen receptor, capable of binding up to 50,000 molecules of fibrinogen per platelet, 

ie an equivalent frequency to that of the GPIIb-IIIa complex itself (Coller et al 1983, 

McEver et al 1983). GPIIb-IIIa can also function as a receptor for fibronectin and vWF. 

Fibrinogen is the most abundant adhesive ligand in the plasma, and consequently binds 

with the highest frequency to activated platelets. Bound fibrinogen mediates platelet 

aggregation, probably by acting as a bridge between platelets. It has been proposed that 

vWF and fibronectin, which are present in high concentrations in the subendothelium may 

be of more importance in platelet adhesion and spreading than in platelet aggregation. 

GPIIb-IIIa contains two divalent cation binding sites, each of which must be occupied for 

fibrinogen to bind. One site binds either Ca2+ or Mg2+, the other is Ca2+ -specific. 

Each is saturated by 10~3 M and 10"6 M cation/cations respectively. The latter site could 

only be demonstrated when the platelet membrane was separated from the cytoplasm, 

indicating, perhaps, that calcium binding to this site may be supplied from the 

cytoplasmic store (Phillips and Baughan 1983). In an elegant study performed by Parise 

and Phillips (1985), GPIIb-IIIa was incorporated into phospholipid vesicles and, as with
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intact platelets, fibrinogen binding was inhibited by EDTA, the complex-specific 

antibody, 10E5, (see section 1.4) and by synthetic decapeptides with sequences identical 

to that of the carboxyl terminus of the fibrinogen gamma chain (see 1.3.2). One finding, 

however, not in accordance with that seen in intact platelets, was that ADP-stimulation 

was not a prerequisite for fibrinogen binding, suggesting that on incorporating GPIIb-IIIa 

into phospholipid vesicles, the fibrinogen binding site was directly exposed. GPIIb-IIIa 

solubilised from platelets was unable to bind fibrinogen demonstrating that GPIIb-IIIa 

must be linked to a matrix or membrane in order to exert its full functional effect 

(McEver et al 1983).

GPIIb-IIIa is a receptor for von Willebrand Factor:

vWF binding to GPIb is important for the normal interaction of platelets with the vessel 

wall at high shear rates (Meyer and Baumgartner 1983). It has been shown that thrombus 

growth and/or stability are reduced in the absence of vWF, vWF acting as a bridge 

between platelets and the subendothelium.

Fujimoto and Hawinger (1982) and Fujimoto et al (1982) demonstrated that platelets 

stimulated by thrombin and ADP were also able to bind vWF via the GPIIb-IIIa receptor: 

Other agonists have since been found to induce vWF binding to GPIIb-IIIa, these include 

collagen, arachidonate, and the thromboxane analogue, U44619 (Di Minno et al 1983b). 

vWF can substitute for fibrinogen in afibrinogenaemic patients, controlling platelet- 

platelet interactions, and platelet interactions with the vessel wall (Timmons and 

Hawinger 1986).

1.3. The Binding of Adhesive Ligands to GPIIb-IIIa.

1.3.1. Adhesive Ligands.

Fibrinogen, von Willebrand Factor, fibronectin and thrombospondin can all be loosely 

described as adhesive proteins. Each is found in the plasma and also within the platelet 

a-granules and, with the exception of fibrinogen, in the Weibel-Palade bodies of vascular 

endothelial cells. Table 1.3 shows the relative distribution of the individual ligands in 

the plasma and platelet compartments and in the vascular endothelium.
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Table 1.3.

Distribution of Adhesive Ligands.

Ligand Endogenous source Exogenous source

platelets Plasma Endothelium

(ug/109platelets) (ug/ml)

Fibrinogen 100 2500 -

Fibronectin 3 300 +

WF 2 10 +

Thrombospondin 20 < 0 .2 +

(Taken from Plow 1986)
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The mechanism by which these ligands become bound to the platelet surface may be due 

to one or several different mechanisms. Intracellular proteins may be released into the 

plasma from the platelet granules and then bind to the newly exposed a-granule 

membrane, or be released, prebound to an intracellular receptor (Parker and Gralnick 

1986, Adelman et al 1987, Legrand et al 1989).

Following platelet activation binding sites are newly exposed on the platelet surface, 

permitting direct interactions between ligand and receptor. In addition, exogenous 

ligands may bind to other adhesive proteins already bound to the platelet surface: such 

interactions have been described, for example fibrinogen can interact with fibronectin 

(Ruoslahti and Vaheri 1975), and with thrombospondin (Leung and Nachman 1982) and 

it has also been suggested that fibronectin and thrombospondin may interact (Leung et al 

1982, Lakav et al 1983).

All of the adhesion molecules are large, ranging from 340 to greater than 1000 kDa in 

size (fibrinogen and vWF respectively). Each is highly glycosylated and has been shown 

to have a number of repeated subunits. Calcium binding sites have been detected on 

fibrinogen (Marguerie and Plow 1977) fibronectin (Amphlett and Hirinda 1983), probably 

on thrombospondin (Lawler et al 1982) and perhaps also on vWF.

Fibrinogen (Fgn):

Fibrinogen is a large dimeric molecule, synthesised in the liver, comprising three pairs 

of non-identical chains, a , (3 and gamma (a2 (32 gamma2). The a-chain is the largest of 

the chains and was fully sequenced by Doolittle et al in 1979: the amino acid sequence 

of the or-chain can be divided into three main zones, each with a unique amino acid 

composition.

Fibrinogen is by far the most abundant adhesion molecule in the plasma, and is of vast 

importance for normal platelet activity and the coagulation cascade. Evidence to suggest 

that fibrinogen is found intracellularly in platelets was shown by Gokcen and Yunis 

(1963) and as discussed in section 1.1.4, recent evidence suggests that platelet-plasma 

interchange does occur (Handagama et al 1989, Harrison et al 1989).
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von Willebrand Factor (vWF):

von Willebrand factor is synthesised by endothelial cells (Bloom et al 1973, Jaffe et al 

1973 and 1974) and by megakaryocytes (Nachman et al 1977, Spom et al 1985) by two 

distinct secretory pathways and circulates in the blood as a non-covalent complex 

associated with Factor VIII (FVIII) procoagulant protein, which is synthesised in the 

liver. The synthesis of FVIII and vWF is under distinct genetic control, each being 

structurally and immunologically unrelated (Zimmerman et al 1971). Mature vWF is 

stored in the Weibel-Palade bodies in endothelial cells (Weibel and Palade 1964, Wagner 

et al 1982) and in the a-granules of platelets (Cramer et al 1985), structures that may 

have a common ancestry.

Gel electrophoresis has demonstrated that native vWF consists of a series of multimers 

ranging in molecular weight from 1 to 20 x 106 kDa (Ruggeri and Zimmerman 1980, 

Hoyer and Shainoff 1980). In platelets, intracellular multimers are larger than those 

found in the circulation (Moake et al 1986, Spom et al 1986, Ewenstein et al 1987). 

Two distinct receptors binding vWF have been identified on platelets one on GPIb and 

one on GPIIb-IIIa as discussed in Section 1.2. Whilst plasma and platelet von Willebrand 

factor are very similar in structure and affinity for sites on GPIIb-IIIa, platelet vWF has 

fewer sites of lowered affinity capable of binding GPIb (Frederici et al 1989). The 

affinity of vWF for its two platelet receptors is directly related to the multimeric size of 

vWF: high molecular weight multimers being physiologically more reactive in 

haemostasis (Parker and Gralnick 1986).

Thrombospondin (TSP):

Thrombospondin is a 450 kDa glycoprotein, composed of three polypeptide chains, linked 

by disulphide bonds (Lawler et al 1978) and on release from the platelet, this molecule 

forms oligomers and dimers ranging in molecular weight from 900 to 40,000 kDa (Booth 

et al 1985). TSP is a multifunctional adhesive protein, secreted by platelets on activation 

(Lawler et al 1986). Once released, TSP binds to the platelet membrane in a Ca2+- 

dependent manner (Phillips 1980), and has been demonstrated to have lectin-like activity 

(Jaffe et al 1982), in that it binds to specific sites on fibrinogen. Plasma TSP may also 

bind to activated platelets, but this is of less importance in the plasma milieu, owing to
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its low concentration (Saglio and Slay ter 1982). It has therefore been suggested that TSP 

may be more important at the level of the vessel wall, acting as a molecular bridge 

linking activated platelets at sites of vascular injury and mediating platelet adhesion. 

The interaction of thrombospondin with fibrin and fibrinogen and has been suggested to 

be a major step in supporting irreversible platelet aggregation (Jaffe et al 1983) as it has 

been shown by ELISA that TSP interacts with fibrinogen bound to GPIIb-IIIa and it later 

observed in electron microscopic studies that thrombospondin co-localised with GPIIb-IIIa 

on activated platelets (Leung and Nachman 1982 and Asch et al 1985 respectively). 

Recent evidence has demonstrated that fibrinogen contains at least two unique sequences 

by which it binds TSP (Satoh et al 1989, Bacon-Bagueley et al 1990).

Fibronectin (Fn):

This large glycoprotein has a molecular weight of 440 kDa and is produced by a number 

of cells. It consists of two chains, of molecular weights 220 kDa, linked by disulphide 

bonds (Yamada et al 1977, Vuento et al 1977) and capable of binding to a variety of 

biological molecules, including collagen, fibrin, heparin and DNA.

Platelets bind approximately 30,000 molecules of fibronectin per cell, but following 

degranulation only 50% of a-granule fibronectin is actually released. The function of 

fibronectin is dependent on cell-surface interactions. Following platelet secretion it 

influences platelet spreading and aggregation (Ginsberg 1985), and is especially important 

in spreading on collagenous surfaces.

1.3.2. The Role o f Arginine, Glycine and Aspartic acid (RGD) and Gamma chain 

Peptides in the Binding o f Adhesive Ligands to GPIIb-IIIa:

Fibrinogen, vWF and fibronectin have been shown to bear a common amino acid 

sequence, containing Arginine, Glycine and Aspartic acid (RGD). RGD-sequences have 

been implicated in mediating the interaction of a number of adhesive molecules with 

GPIIb-IIIa and other members of the Integrin family (Doolittle et al 1984, Pierschbacher 

and Ruoslahti 1984, Titani et al 1986). Fibrinogen has not one but two RGD sequences, 

both of which are contained in the a-chain: an RGDF sequence (F =  phenylalanine) at 

amino acids 95 to 98 and an RGDS sequence (S =  serine) at amino acids 572 to 575.
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Fibrinogen binding to platelets can be inhibited by both peptides, but is preferentially 

inhibited by RGDF peptides. The RGD sequence on vWF is located at the C terminal 

end, at amino acid sequence 1744 to 1747.

Peptides containing the RGD sequence have been synthesised and demonstrated to inhibit 

fibrinogen binding, not only to activated platelets but also to endothelial cells 

appropriately stimulated (Tranqui et al 1989). The RGD sequence alone is an ineffective 

inhibitor of fibrinogen binding, it is only when a fourth amino acid residue is added at 

position X (RGDX), that inhibition be seen. In platelets those peptides containing more 

hydrophobic X-residues have been found to be more potent blockers of ligand binding; 

RGDF is more potent than RGDS. Naturally occurring RGD-containing peptides 

(disintegrins) have been isolated from a number of anti-cytoahesive peptides from snake 

venoms and these have been found to be between 500 - 3000 times more effective in 

inhibiting platelet aggregation than RGDS (Niewiarowski et al 1989).

When RGD peptides are cross-linked to activated platelets, they predominantly couple to 

a region of amino acid sequence 109 to 171 on GPIIIa (Santoro and Lawing 1987, 

D ’Souza et al 1988), a sequence highly conserved in the /?3 subunit of the integrin family.

A second amino acid sequence has also been found to be involved in ligand binding to 

GPIIb-IIIa. This peptide corresponds to the carboxyl terminus of the gamma chain 

peptide of fibrinogen (amino acids Lys 400 to Val 411), and has not been demonstrated 

on other adhesive ligands (Plow et al 1984, Timmons et al 1984). In addition to 

inhibiting fibrinogen binding, the gamma chain peptides have also been shown to inhibit 

vWF and fibronectin binding. Binding of the gamma chain peptides and RGD peptides 

is competitive, but unlike the RGD peptides, gamma chain peptides bind predominantly 

to GPIIb, at a region with amino acid residues at 294 to 314.

Bearing in mind the structure-function relationships required for peptide activity, it seems 

unlikely that they bind to the same site, but probably two sites very closely associated, 

occupancy of one site precluding occupancy of the other (Kloczewiak et al 1984, 

Haverstick et al 1985, Plow et al 1985b).
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1.3.3. Possible Mechanisms o f Fibrinogen Receptor Exposure.

Platelet activation is accompanied by a number of biochemical and morphological 

changes, converting the previously cryptic fibrinogen receptor into a fully functional 

binding site. The fibrinogen binding site on GPIIb-IIIa is exposed only on platelet 

activation, and only fully functional in the context of the native plasma membrane 

(Phillips and Baughan 1983, Baldessare et al 1985, Parise et al 1985, Peerschke 1985, 

Plow et al 1986).

A number of mechanisms have been suggested by which the fibrinogen receptor becomes 

exposed on the platelet surface.

Following platelet activation, clusters of GPIIb-IIIa have been demonstrated by immuno- 

electron microscopy, within the platelet membrane (Isenberg et al 1987), and it has been 

proposed that clustering of the membrane receptors may be a possible mechanism of 

fibrinogen receptor exposure. However, as clustering has only been demonstrated 

subsequent to fibrinogen receptor exposure it is suggested that clustering may be more 

important in augmenting the aggregatory response following fibrinogen binding. It is 

interesting to note that when washed platelets are stimulated with ADP clustering also 

occurs in the presence of RGD and gamma chain peptides, suggesting that it is not due 

to the specific interaction of fibrinogen with the complex, but is an effect of fibrinogen 

receptor occupancy.

Lysis of platelets with Triton X I00 can isolate proteins associated with actin filaments 

of the cytoskeleton (Fox 1987). In unstimulated platelets, GPIIb-IIIa has little interaction 

with the cytoskeleton, but, following activation approximately 26% of GPIIb becomes 

Triton-insoluble (Phillips et al 1980). It has been proposed that cytoskeletal interactions 

with the complex may be important in the exposure of the binding site, possibly by 

thrombin-induced activation of calpain, as it has been shown that the substrates of calpain 

include the cytoskeletal proteins actin-binding protein and P235 (Phillips and Jakobova 

1977). The observation that only a proportion of GPIIb-IIIa actually interacts with the 

cytoskeleton (Phillips et al 1980), however, suggest that cytoskeletal involvement may 

be more effective post activation, perhaps as a means of regulating fibrinogen binding 

(Shattil et al 1986) rather than in inducing it.
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The expression of a normally sequestered pool of receptors competent to bind fibrinogen 

has also been proposed as a possible mechanism of receptor exposure. It is known that 

following platelet degranulation a pool of normally sequestered intracellular GPIIb-IIIa 

associated with the a-granule or SCCS is exposed on the platelet surface (Niija et al 

1987). However, the observation that agonists such as ADP and adrenaline are able to 

bring about fibrinogen receptor exposure but are unable to bring about the exposure of 

intracellular sources of GPIIb-IIIa, suggests that although release of intracellular 

fibrinogen binding sites may enforce the response, it is unlikely to be the mechanism of 

fibrinogen receptor exposure.

Monoclonal antibodies have been described which can discriminate between the active 

and inactive form of the GPIIb-IIIa receptor. PAC-1 is an IgM MAb which binds only 

to the GPIIb-IIIa complex once it has been converted to a functional fibrinogen receptor 

(Shattil et al 1985). 7E3, however, is an IgG MAb, which binds to the complex at an 

increased rate following platelet activation (Coller 1985): both of these antibodies have 

been suggested to bind to sites at or near the fibrinogen binding site. Conformational 

changes in the GPIIb-IIIa complex, induced on receptor occupancy (fibrinogen binding), 

may be detected by MAbs: two such MAbs have been described, PMI-1 and anti-LIBSl, 

which bind to sites on GPIIb and GPIIIa respectively (Frelinger et al 1988 and 1990).

The two currently most favoured models of fibrinogen receptor exposure are those 

proposed by Coller (1985), and Shattil et al (1985). Coller suggested that a change in 

the micro-environment surrounding the GPIIb-IIIa complex may result in the exposure 

of a site already competent to bind fibrinogen, whilst Shattil et al proposed a model in 

which the GPIIb-IIIa complex itself may undergo a conformational change.

RGDS and gamma chain dodecapeptides from the fibrinogen molecule have been reported 

to bind to resting platelets, and prevent subsequent fibrinogen binding following platelet 

stimulation (Kloczewiak et al 1984, Gartner and Bennett 1985, Pytela et al 1986). 

Whether this suggests that the fibrinogen binding site is already present on resting 

platelets, but more accessible to the synthetic peptides on account of their size, or 

whether activation actually creates other sites inherent for ligand binding, remains to be 

determined. (Gartner and Bennett 1985, Pyela et al 1986, Santoro and Lawing 1987). 

Chemical cross-linking studies have indicated that the RGD/gamma chain peptide
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interaction with GPIIb-IIIa may itself induce a conformational change in the complex 

(Parise et al 1987). Studies with the MAb, PMI-1, (the MAb which binds to a site on 

GPIIb which is induced on ligand occupancy) have, however, shown that RGD/gamma 

chain peptides will induce a change in receptor conformation, creating the site on GPIIb 

recognised by this antibody (Lam et al 1987).

In a recent paper, Ginsberg et al (1990) described a patient with a variant form of GT. 

This patient had near normal levels of GPIIb and GPIIIa but following stimulation these 

platelets failed to bind PAC-1. Synthetic peptides containing the RGD sequence or 

gamma chain peptides also failed to bind, suggesting that the patient had a primary defect 

associated with the site required for ligand binding.

1.4. The Role of Monoclonal Antibodies (MAbs) in Studies of Platelet Aggregation.

The technique of producing MAbs of predefined specificity has greatly enhanced the 

understanding of the role played by platelet membrane glycoproteins in platelet activation. 

Hybridoma technology has permitted the generation of large quantities of highly specific 

monoclonal antibodies, which may serve as probes to study the structure and function of 

platelet-associated membrane proteins. Owing to their restricted epitope reactivity, MAbs 

have also permitted the mapping of structural and functional domains on proteins or 

protein complexes. In the previous chapter MAbs which bind preferentially to the 

activated form of the GPIIb-IIIa complex were described (PAC-1, 7E3, and LIBS). In 

this section MAbs binding to the resting form of the GPIIb-IIIa complex and other 

platelet membrane glycoproteins with a role in platelet function are discussed.

1.4.1. CD41 /61 Complex-Specific MAbs.

Complex-specific monoclonal antibodies can be defined either as those MAbs recognising 

determinants on GPIIb-IIIa brought together only when the complex is intact, or those 

binding to a site on either GPIIb or GPIIIa, the tertiary structure of which is determined 

by the integrity of the complex. Calcium chelation by EDTA or EGTA causes the 

complex to dissociate into subunits and antibodies recognising complex-specific sites fail
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to bind.

1.4.2. Monoclonal Antibodies which Inhibit Platelet Aggregation:

Bennett et al (1983), Coller et al (1983) and Jones et al (1984) were the first authors to 

describe MAbs binding to complex-specific sites on GPIIb-IIIa, and these MAbs were 

found to inhibit platelet aggregation, fibrinogen binding and secretion, in response to 

ADP and collagen. Since then a number of other groups have raised and characterised 

MAbs directed against other sites on GPIIb and/or GPIIIa with variable effects on platelet 

activation.

In addition to fibrinogen, vWF binding to platelets stimulated by ADP, has been shown 

to be severely inhibited by some anti-GPIIb-IIIa (CD41) monoclonal antibodies. 

However, whilst a specific inhibition of vWF binding has been found for one MAb, 

LJP5, the majority of MAbs that inhibit vWF binding also inhibit fibrinogen binding (De 

Marco et al 1988).

Newman et al (1987) described three monoclonal antibodies, AP-2, AP-3 and Tab, each 

binding to distinct sites on GPIIb-IIIa, binding of one MAb not precluding the binding 

of another. ADP-induced aggregation and secretion were unaffected by the binding of 

either AP-3 or Tab to the complex, however, when the two antibodies were used in 

concert, both processes were totally inhibited, mimicking the inhibitory effect of AP-2. 

Fibrinogen binding, however, was unaffected. In response to thrombin, platelets treated 

with both AP-3 and Tab or with AP-2 alone, were found to bind significantly less 

fibrinogen than controls and platelet aggregation was abolished: secretion, however, 

remained intact. These observations highlight the different mechanisms by means of 

which these agonists mediate platelet activation, Thrombin is able to induce a surface 

change at or near the fibrinogen receptor, distinct from those generated by ADP- 

stimulation. The mechanism by which AP-3 and Tab prevent secretion, despite normal 

levels of fibrinogen binding remains to be determined. Putative mechanisms suggested 

are inhibition of intra-platelet links or inhibition of fibrinogen receptor interactions, either 

with other receptors or the underlying cytoskeleton.

The calcium channel is considered to be closely linked to the GPIIb-IIIa complex on 

platelets (Powling and Hardisty 1985, Yamaguchi et al 1987, Sinigaglia et al 1988).
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These workers showed that some complex-specific CD41 MAbs (M148, PBM 6.4 and 

TM83) were able to reduce severely ADP- and collagen-induced Ca2+ influx. This 

inhibition was postulated to be due to a steric effect, antibody binding blocking a Ca2+ 

channel at or near the complex as patients with GT, and hence devoid of the GPIIb-IIIa 

complex were found to have normal Ca2+ influx (Powling and Hardisty 1985). Using the 

RGD peptides, GRGDSP and GRGDS, Yamaguchi et al (1987) showed that RGD- 

induced inhibition of Ca2+ influx was more marked than that of CD41 MAbs (TM83). 

Although a steric effect is likely, it is surprising that the small RGD-containing peptides 

were more inhibitory than the MAbs. This might be explained if RGD-peptides bind to 

a site closer in proximity to the fibrinogen binding site and/or with a greater effect on the 

Ca2+ channel, or alternatively if RGD peptides bind more avidly.

1.4.3. Monoclonal Antibodies which Induce Platelet Aggregation.

A number of MAbs have been described which can induce platelet activation in the 

absence of other agonists. In general the binding of proaggregatory monoclonal 

antibodies to GPIIb or GPIIb-IIIa results in platelet shape change, the release reaction, 

an increase in intracellular calcium and aggregation (Favier et al 1989a). It is not known 

whether binding of such antibodies may induce a conformational change, directly 

exposing the fibrinogen receptor, or serves to transmit a transmembrane signal, via the 

GPIIb-IIIa complex, which initiates platelet activation and the release reaction.

Platelet aggregation induced by CD41 MAbs is not completely dependent on exogenous 

: fibrinogen; a dependence on secreted endogenous fibrinogen has been shown, however,

| as aggregation induced by two CD41 MAbs, 6C9 (Moddermann et al 1988) and 'P256 

(Morel et al 1988) was inhibited on pre-incubation with] RGDS peptides.

It has recently been shown that CD41 MAb-induced platelet aggregation is mediated, at 

least in part, by antibody interactions with the Fc gamma RII receptor. From studies 

with IV-3, a MAb which binds to the platelet Fc gamma RII receptor, platelet activation 

induced by PL2-49 was abolished (Morel et al 1989). In contrast, however, aggregation 

induced by P256 (Modderman et al 1988) and 6C9 (Bachelot et al 1990), was reduced 

but not abolished on pre-incubation with either of these antibodies. From studies with 

F(ab)2 fragments of the MAbs a similar pattern was observed: aggregation induced by 

PL2-49 was abolished whilst P256 and 6C9 promoted a partial aggregatory response.
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In addition to CD41 MAbs, MAbs to CD9 have been shown to exert a proaggregatory 

effect. As with the CD41 MAbs, aggregation induced by CD9 MAbs is dependent on 

Fc gamma RII interactions. F(ab)2 fragments of the CD9 MAbs AG-1 and ALB6 

(Boucheix et al 1983 and Miller et al 1986 respectively) were reported to be unable to 

trigger platelet activation, but inhibited platelet aggregation induced by the whole 

antibody. Further evidence to suggest activation is mediated by Fc interactions was also 

demonstrated: aggregation induced by ALB6 and SYB-1 was totally blocked by the anti- 

Fc gamma RII MAb, IV-3 (Favier et al 1990, Worthington et al 1990).

A close proximity between the CD9 antigen and the: Fc gamma RII molecule on the

platelet surface has been postulated, and it suggested that antibody binding to CD9 may
!

enable the interaction between Fc fragment of the MAb with the platelet1 Fc gamma RLL 

receptor. CD9’s role being that of an antigenic site permitting Fc gamma RII interaction.

ALB6 was shown by Rendu et al (1987a) to involve similar transmembrane systems to 

those utilised in thrombin activation, activating phospholipase C responsible for PIP2 

cleavage, which in turn generates IP3 and DG (Berridge et al 1984), and consequently 

cytosolic Ca2+ mobilisation and Ca2+ influx. A lag preceded platelet activation and this 

was postulated to be the time required for PLC activation. In contrast to both Rendu et 

al (1987a) and Favier et al (1989a), Higashihara et al (1985) failed to detect CD9 

mediated [Ca2+]i rises, whether this discrepancy is due to the less sensitive fluorescent 

dye (Quin 2) used in this study may be speculated.

1.5. Platelet Activation and Degranulation.

In response to fibrinogen binding or strong agonists, platelets undergo a rapid series of 

morphological and biochemical changes. The initial events of platelet shape change are 

largely governed by the reorganisation of actin filaments; platelets lose their discoid shape 

and become irregular in form, extending long slender pseudopodia and bulky protrusions 

(White and Gerrard 1980). Actin filaments are organised within the pseudopodia into 

parallel bundles and this has been suggested to be the mechanism by which these 

processes are extended.
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Granule membranes fuse with other granules and elements of the SCCS, to form large 

intracellular granules (Ginsberg et al 1980). The necks connecting the SCCS to the 

extracellular spaces widen and allow extrusion of a-granule proteins, a process facilitated 

by internal contractions (White 1988). Dense bodies are thought to undergo exocytosis; 

following thrombin stimulation, Allen et al (1979) observed the presence of ’craters’ in 

areas where granules were discharged, whether singly or in groups. The release of dense 

bodies and a-granule contents follow the same time course, whilst lysosomal enzyme 

release is slightly delayed in comparison (Kaplan et al 1979)

The contractile force driving peripheral filament contraction, and thus granule 

centralisation is generated by phosphorylation of myosin and interactions with the 

centralizing filaments. Changes in the components of the membrane skeleton may be 

responsible for shape change. After platelets have aggregated, Ca2+ proteases are 

activated, which disrupt the membrane skeleton, permitting the association of GPIIb-IIIa 

complexes with bundles of actin filaments and their redistribution on the plasma 

membrane.

1.5.1. Biochemistry o f Platelet Activation.

Biochemical changes occurring during platelet activation are accompanied by a number 

£ of morphological changes.

Signal transduction, whether stimulatory or inhibitory, is initiated by cell-surface receptor 

occupancy. Second messengers are generated intracellularly by activation of membrane- 

associated signal generating enzymes, through receptor-linked changes in a family of 

signal transducing GTP-binding regulatory proteins (G-proteins). Activated signal 

generating enzymes convert highly phosphorylated precursors into second messengers.

Figure 1.4. shows the pathways involved in platelet activation. Extracellular signals, the 

initiators of platelet activation, may be plasma constituents, such as thrombin or 

catecholamines; vascular constituents such as prostaglandin I2 (PGIJ; endothelial derived 

relaxing factor (EDRF) or collagen; platelet products such as ADP, thromboxane A2 

(TXA2), prostaglandin D2 (PGD2); or derived from multiple blood cell or vascular sources 

for example platelet activating factor (PAF). These signalling molecules may be further
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Figure 1.4.

Diagrammatic representation of the activation pathways in platelets. 
Interactions between weak agonists, strong agonists and antagonists. Bold 
lines, events that amplify initial stimulus; Thick bars, sites of platelet 
inhibition by cAMP-dependent processes. (Kroll and Schafer 1989).
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subdivided into strong agonists, (eg thrombin, collagen), weak agonists (eg ADP, 

adrenaline and serotonin) which rely on platelet secretion for a full aggregatory response, 

or antagonists (eg PGI2, PGD2, EDRF).

Platelets have three distinctive guanine nucleotide binding proteins (G-proteins). These 

are heterodimeric complexes comprised of a , /3, and gamma subunits. Two G-proteins 

(Gi and Gs) regulate inhibitory pathways and ultimately bring about an increase in 

cAMP, the other regulates a stimulatory pathway, stimulating phospholidylinositol 4,5, 

bisphosphate (PIP2) hydrolysis. Other G-proteins have also been proposed.

Platelet phosphoinositide turnover was first observed by Firkin and Williams (1961), and 

subsequently found to be an important mechanism in platelet activation (Bell and Majerus 

1980). Cytoplasmic increases in Ca2+ are responsible for many of the processes or 

metabolic pathways. Ca2+/calmodulin kinases phosphorylate myosin light chain kinases 

which in turn give rise to platelet contraction (shape change) and secretion and part of 

the Ca2+ made available during platelet activation has been shown to directly stimulate 

phospholipase A2 activation (PLA2) (Rittenhouse 1984). PLA2 hydrolysis of phospholipid 

is the main source of arachidonic acid (AA), which is rapidly metabolised to active 

eicosanoids and TXA2. Small amounts of AA are converted to PGD2 and prostaglandin 

E^ (PGE^, inhibitory eioscanoids which inhibit platelet activation. Thromboxane A2, 

on binding to specific receptors on the platelet membrane, through a G-protein signal 

transducer, directly activates protein lipase C (PLC). Agonist-dependent, but Ca2+- 

independent mechanisms of PLA2 activation, regulated by Na+/H + exchange have also 

been demonstrated which occur when phospholipase C activation, platelet secretion and 

secondary aggregation are blocked (Sweatt et al 1986a and 1986b).

On activation of PLA2, PIP2 is hydrolysed to form two potent second messengers, inositol 

1,4,5 trisphosphate (IP3) and 1,2 diacyl glycerol (DG) (Mauco et al 1979, Rittenhouse- 

Simmons 1979).

IP3 regulates cytosolic Ca2+ responses (Agaranoff et al 1983, Berridge et al 1984, Brass 

and Joseph 1985). Two main Ca2+ pools have been identified, one located in the cytosol 

and one in the DTS, the latter being Ca2+/Mg2+ ATPase-dependent (Brass 1984). 

Following platelet stimulation the latter pool is released. IP3 is thought to bind to a 

receptor on the DTS, by means of which it opens a pH-sensitive Ca2+ channel. A MAb
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has been raised that inhibits Ca2+ release in response to IP3 or thrombin (O’Rourke et al 

1987), but the mechanism of this effect is unknown: it may block IP3 binding, Ca2+ 

release or Ca2+ uptake into storage. It is postulated that it may be specific for a 

determinant of the DTS important in opening up the Ca2+ channel (Hack et al 1988).

DG triggers the translocation of PKC from the cytosol to the membrane where it is 

activated in the presence of Ca2+ and phosphatidyl serine. DG increases PKC’s affinity 

for calcium, (Nishizuka 1984) and probably acts synergistically with Ca2+ to activate 

PKC. Activation of PKC is associated with secretion (without shape change), A A release 

and metabolism.

From studies using TPA (a phorbol ester which can directly activate PKC) it has been 

shown that independently of Ca2+, PKC may lead to conformational modifications of the 

GPIIb-IIIa complex, leading to the exposure of the fibrinogen receptor, and may be 

mediated indirectly by phosphorylation of a second molecule. In addition, the fibrinogen- 

GPIIb-IIIa interaction may lead to stimulation of signal pathways (Na+/H + exchange) and 

secretion (Banga et al 1986, Shattil and Brass 1987). Recent data monitoring p47, a 

marker of PKC activation in platelets, have shown that PKC can promote membrane 

fusion, possibly promoting the formation of a fusion pore (Breckenridge and Aimers 

1987).

Separately IP3 and DG can activate platelets, together they can stimulate a diverse set of 

platelet responses, eg secretion and the release of arachidonic acid from intracellular 

stores.

Shattil and Brass (1987) have suggested that an increase in Ca2+ leads indirectly to 

expression of fibrinogen receptor, via stimulation of the arachidonate pathway, perhaps 

by increasing PLA2 activity, and this is a second mechanism by means of which 

fibrinogen receptor exposure occurs.

Adenosine diphosphate (ADP) acts directly by exposing the fibrinogen receptor on GPIIb- 

IIIa and by increasing intracellular [Ca2+], but not to levels sufficient to trigger 

degranulation. It is the formation of TXA2 that allows this response, by causing the 

breakdown of inositol lipid and the generation of DG, which together with the increased
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[Ca2+]i, are able to support platelet aggregation (Rink and Hallam 1984). Inhibition of 

TXA2 will have little effect on rises of intracellular calcium, but will have a marked 

effect on secretion. In the absence of extracellular fibrinogen, ADP-induced aggregation 

is unable to cause degranulation.

ADP is recognised as a weak stimulating agent. Collagen and thrombin, two strong 

agonists (see below), both bring about the secretion of ADP from the platelet dense 

granules. However, in the presence of apyrase, an ADP scavenger, aggregation induced 

by strong agonists is reduced, probably due to the removal of ADP, which may serve to 

augment the response (Haslam 1984).

Primary aggregation is considered to be of importance in the formation of TXA2, by 

bringing about a perturbation of the cell membrane and improving the accessibility of 

phospholipases to arachidonate which cleave this molecule to form TXA2.

Collagen directly promotes inositol lipid breakdown and the liberation of arachidonate 

from phosphatidyl choline. TXA2 production and secreted ADP are responsible for 

elevating intracellular calcium levels. Aspirin (an inhibitor of the

thromboxane/cyclooxygenase pathway) will, by preventing TXA2 production, suppress 

[Ca2+]i mobilisation and reduce secretion and hence the extent of aggregation.

Thrombin initiates G-protein-dependent phosphoinositide hydrolysis and the formation of 

IP3 and DG. IP3 stimulates calcium-dependent arachidonate metabolism, which in turn 

triggers phosphoinositide hydrolysis, whilst DG stimulates protein kinase C (PKC). 

There is also a second route, independent of phosphoinositide hydrolysis, that is activated 

by high concentrations of thrombin. Thrombin-induced platelet aggregation is enhanced 

by GTP, and inhibited by GTP/3, adding further evidence as to site-dependence of G 

protein hydrolysis.

Platelet activation induced by adrenaline differs from those induced by other agonists. 

Adrenaline binds to specific a 2 adrenoreceptors on the platelet surface which mediate 

inhibition of adenylate cyclase, but, this interaction appears to be distinct from that 

required to generate the aggregatory response (Swart et al 1984). There is no clear 

evidence implicating either Ca2+ and/or 1,2 DG in the signal transduction mechanism
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(Brydon et al 1984). Adrenaline can stimulate fibrinogen receptor exposure even when 

phosphoinositide hydrolysis and arachidonate metabolism are blocked (Banga et al 1986, 

Shattil et al 1985 and 1986).

1.5.2. Platelet Granule Membrane Proteins.

Granule Membrane Protein 140 (GMP-140; CD62):

Hsu-Lin et al (1984) were the first to describe an antibody (KC4) directed against a 

protein expressed on the platelet membrane only following platelet activation; this 

antibody was designated Platelet Activation-Dependent Granule Externalised Membrane 

(PADGEM). Me Ever and Martin (1984) also raised a MAb (S12) which bound 

preferentially to activated platelets, which they called GMP-140. Both MAbs were 

subsequently found to bind to the same granule membrane protein. The MAb S12 

(McEver and Martin 1984) was shown to bind to less than 1000 molecules on 

unstimulated platelets and 10-14,000 molecules after stimulation with thrombin.

In studies using frozen thin sections of unstimulated platelets and those using saponin- 

permeabilised platelets, Stenberg et al (1985) showed that the GMP-140 molecule was 

concentrated in the membrane of the platelet or-granule. On thrombin-stimulation, platelet 

GMP-140 redistributes within the membrane systems and can be detected on the SCCS 

and on the plasma membrane. GMP-140 has also been found on the platelet precursors, 

megakaryocytes (Beckstead et al 1986), HEL cells (Johnson et al 1989, Yeo et al 1989) 

and in endothelial cells, co-localised with vWF in the Weibel-Palade bodies.

GMP-140 molecule was isolated by immunoaffinity chromatography of Lubrol-PX 

platelet lysates on S12 agarose and it shown to have a molecular weight of 138 kDa under 

non-reducing conditions and 148 kDa under reducing conditions. The cDNA of GMP-140 

has since been cloned and sequenced (Johnson et al 1989) and found to be structurally 

and functionally related to the Lectin Cell Adhesion Molecules (LEC-CAMS) or 

Selectins, encompassing ELAM-1 (Bevilagua et al 1987) and the lymphocyte homing 

receptor Mel-14 (Lasky et al 1989). The gene encoding GMP-140 has been shown by 

in-situ hybridisation to be localised on the long arm of human chromosome 1 at bands
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q21 - 24 (Tedder et al 1988, Johnson et al 1989). Pulse-chase experiments, together with 

Southern blotting have shown that the genes for GMP-140 and ELAM-1 are very closely- 

associated (approximately 200 kb apart) (Watson et al 1990). GMP-140 is a cysteine-rich 

protein, 29% carbohydrate, organised into a complex N-linked oligosaccharide (Johnson 

et al 1989). The amino acid sequence of GMP-140, suggests the presence of a series of 

independently folded domains, perhaps fulfilling different roles; commencing at the N- 

terminus there is a 120-residue lectin domain, a 40-residue epidermal growth factor-like 

domain followed by about nine repeating units related to those in complement-binding 

protein, a transmembrane domain and a short cytoplasmic tail. Pulse-chase studies have 

shown that HEL cells and umbilical vein endothelial cells synthesise a precursor GMP- 

140 molecule which has a core region rich in mannose oligosaccharides, and is processed 

in the Golgi to form four discrete precursor proteins (McEver et al 1989). In the 

presence of tunicamycin, an inhibitor of N-linked glycosylation, a heterogeneity of GMP- 

140 at the protein level has been found.

GMP-140 mediates the interaction between activated platelets and neutrophils, an 

interaction that requires extracellular Ca2+, but not active neutrophil metabolism (Geng 

et al 1990 and Hamburger and McEver 1990); thrombin-activated endothelium has also 

been shown to express GPM-140 and become adhesive to neutrophils. COS cells 

transfected with cDNA encoding GMP-140 have been shown to become adhesive for 

neutrophils and HL-60 cells. This interaction can be blocked on pre-incubation with 

monoclonal and polyclonal antibodies to GMP-140 or by the purified soluble GMP-140 

antigen. GMP-140 may function as a receptor by which macrophages in the 

reticuloendothelial system identify activated platelets and remove them from the 

circulation. Additionally, GMP-140 may have a role in mediating platelet-leucocyte 

interactions and hence cell recruitment at sites of vascular injury (Larsen et al 1989, 

Hamburger and McEver 1990).

GMP-140 is expressed on activated endothelium and may promote a site for the rapid 

targeting of neutrophils to sites of acute inflammation. However, expression of this 

molecule has been found to be transient, reaching basal levels by twenty minutes after 

stimulation (Hattori et al 1989). It has been suggested that GMP-140 may have a 

primary role in the assembly of cellular components at sites of vascular injury, mediating
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monocyte and neutrophil binding and initiating the tissue factor pathway of extrinsic 

coagulation (Furie and Furie 1988). Compatible with this theory is the finding that a 

number of cell types have been described that have sites which recognise GMP-140: 

macrophages, neutrophils, HL60 and U937 (Larsen et al 1989). Larsen has also 

suggested that GMP-140 may have a role in the binding of phagocytic cells to damaged 

endothelium.

The homing receptor Mel-14 was the first selectin thought to have a carbohydrate ligand 

(Yednock and Rosen 1989). Subsequently, CD15 also known as Lewis x, has been 

identified as a component of the ligand identified by GMP-140. This has been supported 

by the ability of a purified Lewis x adduct of lactose found in human milk to partially 

inhibit platelet-neutrophil adhesion, when used at relatively high concentrations (Springer 

and Lasky 1991).

Granule Protein 53 (GP 53; CD63):

Nieuwenhuis et al (1987) described a monoclonal antibody directed against a second neo

antigen expressed on the platelet membrane following thrombin activation. This 

monoclonal antibody bound approximately 650 molecules on resting platelets, and 12-

13,000 molecules following platelet activation, ie at a similar frequency to GMP-140. 

Immunoelectron microscopy revealed that the antigenic site recognised by this MAb was 

present in intracellular lysosomal granules of platelets, co-localising with the serine 

esterase cathepsin D (Nieuwenhuis et al 1987). However, the molecular weight of this 

protein was not found to correspond to the few proteinases already described: platelet 

cathepsin D has a molecular weight of 33 kDa, cathepsin E of 40 kDa, trypsin of 32 kDa 

and platelet elastase of 26 kDa (Ehrlich and Gordon 1976, Legrand et al 1977). The GP 

53 or CD63 antigen has been cloned (Metzelaar et al 1991b) and found to consist of four 

putative hydrophobic transmembrane regions and three N-linked glycosylation sites 

between the third and fourth transmembrane regions. It has been postulated that each 

hydrophobic domain traverses the lysosomal membrane once, the hydrophobic region thus 

being located within the lysosomal lumen.

The role of GP 53 in platelets is not well established. However, it has been suggested 

that it may protect the lysosomal membrane from enzymatic degradation.
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More recently, MAbs have been raised detecting antigens derived from the dense granule 

membrane, recognising a 68 kDa protein, (Akamatsu et al 1989), a 40 kDa protein 

(Gerrard et al 1991) and a 180 kDa protein (Sutherland et al 1989). Each of these 

antigens has been shown to be exposed on the platelet surface following platelet 

degranulation, although less is known about the structure or function of these molecules. 

These markers of activated platelets are becoming used as tools to identify activated 

platelets ex vivo and in vivo.

1.6. Platelet activation in Clinical Situations.

Many clinical and pathological studies have suggested that platelet activation may be of 

importance in thrombotic disorders, including peripheral vascular disease (PVD), strokes, 

unstable angina and after angioplasty or coronary thrombolysis; studies with dogs and 

monkeys have implicated damaged endothelium as the causative factor.

It is not known whether activated platelets preceed the clinical disease or merely result 

from it, but it has been proposed that the detection of circulating activated platelets may 

be a good prognostic indicator of vascular disease and an aid in the identification of 

prothrombotic disorders. Traditional methods of evaluating platelet activation, by 

measuring plasma levels of proteins released from the platelet, such as /3-TG and PF4 

have not gained widespread use owing to technical and processing limitations. Some 

preliminary studies have been carried out but only small numbers of patients have been 

studied with different conditions and the activation markers used in each case have 

varied.

Cardiopulmonary bypass surgery has been reported to induce platelet activation in vivo, 

as a result of shear stress, thrombin generation and ADP release from damaged red cells. 

Wenger et al (1989) reported a decrease in platelet GPIIIa and an increase in bleeding 

time in patients undergoing bypass surgery, although platelet sensitivity to ADP and 

fibrinogen binding were comparable to that in normal controls. On analyzing the 

perfusion circuit these workers found platelet fragments and degranulated platelets 

adherent on the tubing. An increase in platelet microparticles has also been reported in 

the circulation during bypass surgery (George et al 1986, Abrams et al 1990).

Abrams et al (1990) demonstrated an increase in fibrinogen receptor exposure in a 

proportion of platelets sampled from patients undergoing cardiopulmonary bypass
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surgery, as detected by PAC-1 (the monoclonal antibody that only binds to the GPIIb-IIIa 

receptor on activated platelets) and consequent fibrinogen binding (detected by 9F9, a 

MAb binding only to fibrinogen associated with the platelet surface). However, no 

increase in GMP-140 was observed confirming an earlier finding by George et al (1986). 

Other markers of secretion, however, such as expression of GP 53 (Nieuwenhuis et al 

1987) and raised plasma /3-TG and PF4 levels (Celia et al 1983), were found to be 

increased following cardiopulmonary bypass surgery.

Three further situations in which platelet activation is thought to occur have been 

investigated. George et al (1986) found an increase in GMP-140 expression in 46% of 

patients with Adult Respiratory Distress Syndrome (ARDS), while Abrams et al (1990) 

found a progressive increase in markers of fibrinogen receptor exposure (PAC-1), 

fibrinogen binding and platelet degranulation (GMP-140 and GP 53) in blood emerging 

from a bleeding time wound. Patients with severe bums have been found to have 

multiple lesions of the vessel walls in the microcirculation, which have been suggested 

to be the cause of microthrombi occasionally described in this disorder. Hourdille et al 

(1990b) monitored GMP-140 and platelet-bound thrombospondin and demonstrated a 

marked and parallel increase in the expression of both markers of platelet activation.

In the same way as platelet activation can be studied ex vivo platelet refractoriness to 

stimulation can be assessed in vitro. In a pilot study carried out by Beer et al (1988) 

platelets taken from renal patients were found to have a decreased expression of 7E3 (the 

monoclonal antibody that binds at an enhanced rate to GPIIb-IIIa following platelet 

activation) following platelet stimulation with ADP.

Detection of intravascular thrombi is currently carried out by one of a number of 

techniques: these include venography, 125I fibrinogen uptake, impedance plethysmography 

and Doppler ultrasonography. Each of these methods, however, has its limitations. 

Doppler ultrasonography and impedance plethysmography are more sensitive at detecting 

occlusive rather than non-occlusive thrombi and whilst 125I fibrinogen uptake will detect 

over 90% of acute calf thrombi, but may fail to detect thrombi in the upper thigh. 

Probably the most sensitive technique is venography, but this has the disadvantage of 

being an invasive technique.

Oster et al (1985) and Som et al (1986) have used radiolabelled CD41 antibodies for the 

visualisation of occluded blood vessels in dog models. Thrombus imaging using the inIn
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(9.1 +. 1 -4 mins). Increasing the antibody concentration to above that required to abolish 

thrombus formation did, however, abolish ex vivo platelet aggregation and much 

increased the bleeding time (14.2 1.5 mins) (Coller et al 1989), suggesting, perhaps

that the dose of antibody infused must be carefully controlled.



labelled CD41 (lib) MAb, P256, in hip replacement patients has also been described 

(Stuttle et al 1990). Of this patient group, 18 out of 24 patients were demonstrated to 

have focal accumulation of thrombi. Four of these patients were subsequently tested by 

venography to confirm the diagnosis. However, the use of anti-platelet antibodies 

specific for activated platelets may have an advantage over CD41 MAbs, since GMP-140 

is exposed on the platelet surface only after activation. Using 125I labelled polyclonal 

antibodies to GMP-140 to monitor thrombus formation in a baboon model, Palabrica et 

al (1989) demonstrated antibody sequestration at the site of the thrombus both in an ex 

vivo shunt model, and an in vivo model of thrombosis. Thrombus visualisation was 

possible from between 10 minutes and one hour after infusion. Thrombus imaging 

experiments have also been carried out by Furie et al (1990), again using a baboon 

model, these workers extended this model to assess the effects of an antifibrinolytic 

agents.

An area of even greater interest and possibly also of greater importance is the use of anti

platelet MAbs, or molecules derived from these MAbs, in blocking platelet aggregation 

in vivo. Infusion of 0.8mg/ml F(ab)2 fragments of the inhibitory CD41 MAb, 7E3, was 

shown by Coller et al (1986) to completely abolish thrombus formation in vivo, in dog 

and monkey models. Ex vivo analysis of platelets from these animals showed that when 

85% of GPIIb-IIIa receptors were occupied, platelet aggregation by a number of agonists 

was markedly reduced, whilst spontaneous haemorrhage or thrombocytopenia was not 

seen. The effects of two CD41 MAbs, 7E3 and 10E5, and RGD-containing peptides on 

in vivo thrombus formation have been studied in animal models with dacron grafts 

(Coller and Scudder 1985, Coller et al 1989b, Haskel et al 1989). Thrombus formation 

was provoked by stenosis of the carotid artery (using a monkey model) and infusion of 

subaggregating doses of adrenaline. Both 7E3 and 10E5 were found to abolish thrombus

formation and inhibit platelet aggregation induced by ADP at antibody concentrations of
v0.2mg/kg without markedly prolonging the bleeding time. Whilst similar findings were 

described by Hanson et al (1988), using a baboon model, he failed to record an inhibition 

of aggregation in response to ADP. Whether this is a reflection of the antibody’s 

lowered affinity for platelets in this animal model can only be speculated.

The results with RGD-containing peptides (Haskel et al 1989) corroborate these previous 

studies, however, the inhibitory effect of the RGD-containing peptide on platelet
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activation is more short-lived. Thus, a knowledge of the functional effects and the 

antibody affinity/avidity for its binding site are of utmost importance in designing 

appropriate in vivo therapeutic strategies.

1.7. Aims of the Study.

The aims of this study were twofold. Firstly, to raise and characterise monoclonal 

antibodies directed against the GPIIb-IIIa receptor on platelets and to use these MAbs in 

functional and epitope mapping studies to investigate the mechanism of fibrinogen 

receptor exposure and its role in platelet aggregation and to determine the 

interrelationship between fibrinogen and vWF binding to the fibrinogen receptor on 

GPIIb-IIIa.

The second aim was to raise and characterise MAbs to molecules that are expressed on 

the platelet surface only after platelet activation to characterise the expression of these 

antigens on activated platelets and to develop flow cytometric assays for the ex vivo 

analysis of platelets from patients with possible pro thrombotic conditions.
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2. MATERIALS AND METHODS.

2.1 Collection and Preparation of Platelets.

Subjects:

In all experiments, unless otherwise stated, blood was collected from normal healthy 

volunteers who had denied taking any drugs or medication for the previous fourteen days.

Anticoagulants:

For the majority of studies blood was collected without tourniquet, using a 21 gauge 

needle, into one-tenth volume 0.106M tri-sodium citrate.

For experiments using washed platelets, blood was collected into one-sixth volume of 

acid citrate dextrose (ACD) anticoagulant (0.085M tri-sodium citrate, 0.071M citric acid, 

0.11M glucose).

To prepare platelets refractory to agonist-induced stimulation blood was collected into an 

anticoagulant containing inhibitors of platelet activation, as used for /3-thromboglobulin 

(/3TG) determinations (jS-TG anticoagulant: EDTA 0.134M, adenosine 0.01M, 

theophylline 0.02M).

Preparation of platelet rich plasma (PRP):

Platelet rich plasma was prepared by centrifugation of blood at 140g for 13 minutes at 

room temperature, and the supernatant collected. Erythrocyte and leucocyte 

contamination was maintained at less than 0.1 x 109/litre and 0.2 x 109/litre respectively.
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Preparation of washed platelets:

ACD anticoagulated PRP was further centrifuged at 500g for 13 minutes at room 

temperature. The supernatant plasma was removed and the platelet pellet resuspended 

in HEPES buffer (pH 7.4) (0.15M NaCl, 5 x 1<)-5M KC1, 1 x 10'3M MgSO„, 1 x 10‘2M 

HEPES sodium salt and 1 x 10"2M Glucose).

Preparation of Washed, Resting Platlets:

Blood was collected into /3-TG anticoagulant and washed platelets prepared as described 

above. The platelets were diluted to a concentration of 1 x 108/ml in HEPES buffer (pH 

7.4), then fixed with paraformaldehyde (Sigma) at a final concentration of 1% (w/v). 

After fifteen minutes the mixture was diluted with HEPES buffer (pH 7.4) to a final 

concentration of 0.25 x 108 platelets/ml and 0.25% 

paraformaldehyde.

Preparation of Washed, ADP-Stimulated Platelets:

Blood was collected into ACD anticoagulant and washed platelets were prepared. 

Platelets, resuspended in HEPES buffer pH 7.4 at a concentration of 1 x 108/ml, were 

stimulated with lOuM Adenosine 5-diphosphate (ADP: Sigma) at room temperature, for 

15 minutes, without stirring. Following activation, platelets were fixed with a 1% final 

concentration of paraformaldehyde for 15 minutes, then diluted to 0.25 x 108 platelets/ml 

in Hepes buffer (pH 7.4).

Preparation of Washed, Thrombin-stimulated platelets:

Blood was collected into ACD anticoagulant and washed platelets were prepared. For 

each experiment, platelets, at a concentration of 1 x 108/ml in HEPES buffer (pH 7.4) 

were first stimulated with a range of thrombin concentrations between 0.1 and 0.4u/ml 

(Bovine thrombin: Diagnostic Reagents, Thame, Oxon), without stirring, for ten minutes 

at 37°C. The thrombin concentration used was the maximum concentration that could be
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used without causing platelet aggregation or clotting (as viewed macroscopically) and was 

determined on an individual basis. Following activation, platelets were fixed and diluted 

as described above.

EDTA dissociation of GPIIb-IIIa:

The GPIIb-IIIa complex was irreversibly dissociated by incubation of platelets with 6mM 

EDTA at pH 8.0 for 30 minutes at 37°C. This method was applicable to whole blood, 

PRP or washed platelets.

2.2. Cell Culture.

Cell culture was carried out in sterile plasticware supplied by Nunc (Gibco, Middx) or 

Falcon (Marathon Laboratory supplies, London). Cell lines and hybridomas were grown 

in 37°C incubators with ambient saturating humidity in an atmosphere of 5 % C 02 in air. 

Cells were grown in a culture medium which comprised RPMI-1640, supplemented with 

10% (v/v) foetal calf serum, 2mM Glutamine and lOOiu/ml penicillin and lOOmg/ml 

streptomycin (RPMI-FCS). All tissue culture media was supplied by Gibco. The cells 

were routinely passaged three times a week, splitting at a ratio of 1:5.

Cell Viability:

Cell viability was assessed using a Trypan Blue stain (0.16% w/v Trypan blue in 0.9% 

w/v NaCl). Cells were mixed with stain at a ratio of 1:1, and counted in a 

haemocytometer; dead cells being identified by the incorporation of blue dye into the cell 

cytoplasm.

Storage of cells:

Hybridomas (see section 2.3) or cell lines were washed once in RPMI-1640 and 

resuspended at 5 x 106 cells per ml in a solution containing 10% (v/v) dimethysulphoxide, 

(DMSO: AnalaR, BDH, Poole, Dorset) 20% (v/v) Foetal Calf Serum and 70% (v/v)
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RPMI-1640. 1 ml aliquots were frozen at a rate of 1°C per minute prior to storage at - 

170°C in liquid nitrogen. The same procedure was employed for the storage of cell lines.

2.3. Production of Monoclonal Antibodies.

Immunisation protocol:

Balb/c mice were immunised intraperitoneally on three to five occasions at monthly 

intervals. The immunogen used for the first series of MAbs (described in Section 3.) was 

200ul, washed, resting platelets and for the second series of MAbs (described in Section 

7.) 200ul thrombin-activated, fixed platelets (2.1). The final immunisation, which was 

performed intravenously, and four days later the mice were killed and the spleen removed 

under sterile conditions. Splenic lymphocytes were gently teased apart from connective 

tissue and washed three times in serum-free RPMI-1640.

Myeloma cell counterpart:

P3-N Sl/l-A g4-l (NS-1) cells (Kohler and Milstein 1976) were grown in culture for two 

to three weeks prior to fusion. The culture media consisted of RPMI-FCS supplemented 

with 2.0 x 10'5mM Azoguanine (Gibco). This semi-adherent cell line required 

trypsinization (0.025% (w/v) trypsin, 2.5 x 10'3M EDTA) for five minutes at 37°C. The 

cells were subcultured before fusion to ensure that they were in a logarithmic phase of 

active growth. The cells were harvested into RPMI-FCS, washed three times and 

resuspended at 1 x 107/ml in serum-free RPMI.

Fusion Protocol:

Splenic lymphocytes and NS-1 cells were mixed at a ratio of 10:1 and centrifuged at 160g 

for five minutes. Cells were gently resuspended in 1ml 40% (w/v) PEG 1500 (Koch- 

Light Laboratories Ltd, Colnbrook, Bucks), and incubated at 37°C for 7 minutes. After 

7 minutes, the PEG was gradually diluted out, dropwise, with 20mls serum-free RPMI, 

centrifuged as before, then resuspended in between 2-5mls RPMI and the cells incubated
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for two hours at 37°C. Subsequently, the cells were diluted to a density of 1 x 106 

cells/ml in RPMI-FCS and plated out in 1ml aliquots in 24-well multiwell Libro plates. 

Twenty-four hours later, 1ml of double strength HAT solution (hypoxanthine 2 x K^M, 

aminopterin 8 x 10'7M, and thymidine 3.2 x 10‘5M in RPMI-FCS) was added to each 

well.

Testing of cultures:

Between seven and fourteen days after the fusions, distinct colonies of hybrid cells could 

be detected macroscopically. 1ml of culture supernatant was removed from the wells 

with macroscopically visible growing hybridomas and tested for anti-platelet activity.

Cloning:

Where two or more hybridoma colonies occupied the same well, individual colonies were 

aspirated using a sterile glass pipette under an inverted microscope, and subcultured in 

fresh medium. Cloning was carried out by limiting dilution. Hybridomas were plated 

out in 96 well microtitre plates at a concentration of 5 cells/ml, in the presence of feeder 

cells derived from the spleen of a syngeneic mouse at a concentration of 1 x 106cells/ml 

in RPMI-FCS. Cloning was carried out on at least two occasions and monoclonality was 

judged to be attained when 100% of single cell clones tested positive for antibody.

Ascites Production:

Balb/c mice were injected intraperitoneally with 0.5ml pristane (2,6,10,14-tetramethyl 

pentadecane: Aldrich Chem Co., Milwalukee, WL). Ten to fourteen days later they 

received a further ip injection containing 5 x 106 hybridoma cells in 0.9% (w/v) saline, 

originating from a syngeneic mouse. After ten to fourteen days ascitic fluid was 

aspirated using an 18 gauge needle. Ascites was collected into tri-sodium citrate, and 

contaminating blood cells removed by centrifugation at 2000g for 10 minutes. Ascites 

were obtained on up to two occasions from each mouse.
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2.4. Screening Assays for Anti-Platelet Antibodies.

2.4.1. ELISA.

In early studies this assay was used to screen the hybridoma supernatants. The diluent 

used throughout this assay was phosphate buffered saline, PBS, pH 7.4 (Mercia 

Diagnostics, Guildford, Surrey).

Microtitre plates (Nunc) were coated overnight at 4°C with poly-l-lysine, 50ug/ml, 

(Sigma), and excess poly-l-lysine decanted. 50ul of washed resting platelets (prepared 

as described in 2.1) were added at a concentration of 1 x 108/ml in PBS (pH 7.4) and 

incubated at room temperature for one hour. After this period plates were washed in 

PBS supplemented with 0.2% (w/v) bovine serum albumin (PBS-Alb). Washing involved 

filling each well of the microtitre plate with PBS-Alb and decanting excess. This was 

repeated three times, and after the final wash, plates were blotted on paper towels; this 

washing procedure was used throughout the assay. Platelets were fixed with 0.25 % (v/v) 

glutaraldehyde in PBS for ten minutes and excess fixative was removed by washing. 

Non-specific protein binding sites were blocked by incubation with 1% (w/v) bovine 

serum albumin, (BSA: in PBS Sigma) for a further hour at room temperature. lOOul of 

each culture supernatant under test or of ascites at a dilution of between 1:100 to 

1:10,000 was added per well and incubated for one hour. Unbound antibody was 

removed by washing and those monoclonal antibodies that bound to the plates were 

identified by incubation for one hour at room temperature, with lOOul of 1:1000 dilution 

of peroxidase-linked, rabbit anti-mouse Ig antiserum (Dako Ltd, High Wycombe, Bucks). 

Again excess unbound antibody was removed by washing and bound antibody was 

detected with ortho-phenylamine diamine substrate (OPD; Sigma). The substrate was 

prepared immediately before use by dissolving 40mg of OPD in 100 mis phosphate citrate 

buffer (0.0125M Na2HP03, 0.0125M NaH2P 04, 0.0125M citric acid, 0.0125M tri

sodium citrate) and adding 40ul 30% H20 2. After 30 minutes the reaction was stopped 

by the addition of 50ul 2.5M H2S04, and the colour measured at a wavelength of 492nm 

using a Titretek Multiscan MCC plate reader (Flow Laboratories, Herts, England).
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2.4.2. Indirect Immunofluorescence:

Subsequent fusions used the following flow cytometric screening assay. 50ul washed, 

resting, ADP- or thrombin-stimulated platelet suspension (Section 2.1) were mixed with 

50ul of culture supernatant (or 50ul of optimal concentration of monoclonal or polyclonal 

antibody under test) and incubated for 30 minutes at room temperature. Excess unbound 

antibody was removed by washing; platelets were diluted with 3mls PBS and centrifuged 

at 500g for 5 minutes, the supernatants decanted and the platelet pellet resuspended in 

50ul PBS. 5ul of rabbit anti-mouse Ig, conjugated to fluorescein isothiocyanate (R-anti- 

Mlg-FITC) (Dako) was added and incubated for a further 30 minutes at room 

temperature. Unbound antibody was removed by washing, as before. Samples were 

analyzed in a Coulter EPICS Profile II flow cytometer as described in Section 2.7.

2.4.3. Evaluation o f Monoclonal Antibody isotype.

The class and sub class of the monoclonal antibodies raised was determined by 

Ouchterlony immunoprecipitation using a mouse monoclonal typing kit obtained from 

Serotec (Oxford) .

2.5. Purification and conjugation of Monoclonal Antibodies.

2.5.1. Ammonium Sulphate Precipitation.

Ascites fluid was pooled, centrifuged and passed through a 0.2um filter to clarify. 2ml 

of saturated ammonium sulphate solution (BDH Ltd.) was added dropwise to 2ml ascites, 

stirring continuously, and allowed to equilibrate for thirty minutes at room temperature. 

Centrifugation at 2000g for 10 minutes separated the precipitated protein and this was 

washed twice with 2ml 50% saturated ammonium sulphate solution, by centrifugation at 

2000g for 10 and 20 minutes for the first and second wash respectively. The precipitated 

immunoglobulin was then dissolved in 1ml lOmM Tris-HCl (pH 7.5).

Dialysis over two days, against three changes of four litres lOmM Tris-HCl, pH 7.5 was 

required, to remove contaminating ammonium sulphate which would interfere with
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subsequent procedures, especially conjugation.

2.5.2. Diethylaminoethyl (DEAE) cellulose Ion Exchange chromatography

DEAE cellulose beads (Whatman Ltd, Maidstone, Kent, England) were pre-swollen in 

lOmM Tris-HCl (pH 7.5) overnight at room temperature. The beads were washed with 

500ml lOmM Tris-HCl (pH 7.5) to remove fines before pouring into the column. Once 

the gel had settled, two bed volumes of Tris-HCl (pH 7.5) were passed through the 

column. The dialysed, ammonium sulphate-precipitated MAb was applied to the top of 

the gel and washed with two bed volumes of Tris-HCl (pH 7.5). The monoclonal 

antibody, now bound to the gel, was eluted by means of introducing a continuous linear 

gradient of NaCl, reaching a maximum concentration of 200mM salt in Tris-HCl. At a 

salt concentration of between 50 - 100M, the MAb was displaced by Cl" ions. A 

continuous flow spectrophotometer (Uvicord: LKB, Cambridge) was used to identify 

fractions containing protein. These were tested for antibody activity, using an indirect 

immunofluoresence method, as described above (2.4.2) and positive fractions were then 

pooled and concentrated as necessary, using a Macrosolute concentrator (B15: Amicon, 

Glos).

The monoclonal antibody was then dialysed overnight against several changes of pH 9.5 

carbonate/bicarbonate buffer (200mM/400mM).

The immunoglobulin content of the MAb preparations was determined from the optical 

density of the solution at a wavelength of 280nm, using a Deuteronium lamp. The 

concentration was calculated according to the following formula:

IgG concentration (mg/ml) =  absorbance (280nm) x 0.7 

The protein concentration was adjusted to 1 mg/ml in carbonate/bicarbonate buffer.
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2.5.3. Conjugation o f  Monoclonal Antibodies:

Fluorescein isothiocyanate (FITC):

FITC (Sigma) was dissolved in DMSO to a concentration of lmg/ml, and 50ul added to 

lm l protein, to give a (w/w) ratio of 1:20 fluorochrome:protein. The mixture was 

incubated for 2 hours at room temperature, in the dark, on a rotary mixer. The 

unconjugated dye was removed by gel filtration on a Sephadex G-25 column, equilibrated 

with PBS. The different fractions were tested for antibody activity by the direct 

immunofluoresence method described in 2.6.1 and selected accordingly.

Biotin succucinamide ester:

Biotin succucinamide ester (Calbiochem, Behring, Nottingham) was dissolved in DMSO 

at a concentration of lmg/ml. Volumes of 60, 120, 180 and 240ul were added to lmg 

of monoclonal antibody in 1.0ml carbonate/bicarbonate buffer and mixed for 2 hours with 

stirring. The unconjugated ester was removed by dialysis against PBS containing 0.1% 

(w/v) sodium azide at 4°C. Each batch of conjugated monoclonal antibody was then 

tested for antibody activity.

2.6. Flow Cytometric Methods.

2.6.1. Platelets:

2.6.1.1. Direct immunofluorescence studies in platelet rich plasma:

Platelet rich plasma was diluted in HEPES buffer (pH 7.4) to give a platelet count of 1 

x 108/ml and 50ul mixed with 50ul of appropriately diluted FITC-conjugated MAb at in 

HEPES buffer (pH 7.4). The tubes were incubated for 20 minutes at room temperature 

then washed with 5ml HEPES buffer (pH 7.4), centrifuging at 500g for 5 minutes. The 

platelet pellets were resuspended in 200ul of HEPES buffer (pH 7.4) and analyzed in the 

flow cytometer.
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2.6.1.2. Direct immunofluorescence in citrated whole blood:

Whole citrated blood could also be analyzed by flow cytometry, and this was the method 

of choice in a number of procedures involving the analysis of activated platelets or the 

analysis of samples from patients with platelet disorders. These methods which are 

described below were adapted from that described by Warkentin (1990).

Fibrinogen and von Willebrand factor binding studies:

5ul of citrated whole blood were added to 50ul HEPES buffer (pH 7.4) and 5ul of a 1:1 

dilution of fluorescein-conjugated rabbit anti-human fibrinogen (FITC-R-anti-fgn: Dako) 

or fluorescein-conjugated mouse-anti-human von Willebrand factor (FITC-RFF-VIII:R/1, 

Goodall et al 1985). When required, 5ul of a solution of lOOuM ADP was added at this 

point to give a final concentration of lOuM. After the initial mixing, the blood was 

incubated at room temperature for 20 minutes. The reaction was then arrested by the 

addition of 0.5ml of 0.2% formalin diluted in 0.9% (w/v) NaCl. The samples were 

analyzed in the flow cytometer within two hours.

Inhibition of fibrinogen or von Willebrand factor binding:

5ul of normal citrated whole blood was pre-incubated for 10 minutes with 50ul HEPES 

buffer, with or without 5ul of lOOuM ADP, together with 50ul of one in a range of 

concentrations of the MAb under test. 5ul of a 1:1 dilution of either the FITC-R-anti-fgn 

or FITC-RFF-VIII:R/1 antibody, was then added and the blood incubated for a further 

20 minutes. The reaction was stopped as before and analyzed by flow cytometry.

Time course:

To determine the time course of fibrinogen or vWF binding to ADP-activated platelets 

a series of tubes, containing 50ul HEPES, 5ul of whole blood and 5ul of either the FITC- 

R-anti-fgn or FITC-RFF-VIII:R/1 antibodies were incubated for 20 minutes. During this 

time 5ul of lOOuM ADP was added at intervals of 20 minutes to 30 seconds before
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fixation, with 0.2% formylsaline.

2.6.1.3. Two colour analysis in citrated whole blood.

Two colour analysis of fibrinogen and vWF binding:

5ul of whole citrated blood was mixed with 50ul HEPES buffer (pH 7.4), containing 5ul 

of 1:1 dilution of FITC-RFF-VIII:R/1 and 5ul of a 1:1 dilution of unconjugated R-anti- 

fgn. When required, 5ul of a lOOuM solution of ADP was also added at this point. 

After fifteen minutes incubation, 5ul of phycoerythrin-conjugated goat-anti-rabbit Ig 

(Seralab, Sussex) was added and samples incubated for a further fifteen minutes before 

fixation and dilution. Samples were analyzed by flow cytometry.

2.6.2. Peripheral Blood Leucocytes (PBL) and Cell Lines

2.6.2.1. Preparation o f peripheral blood leucocytes by ammonium chloride lysis o f  

erythrocytes.

5ml EDTA anticoagulated blood was mixed at a 1:4 ratio with ice cold ammonium 

chloride, (0.155M NH3C1, 0.01M NaHC03 and 0.166 x 10 3M NaEDTA) and incubated 

for 10 mins at room temperature. Leucocytes were sedimented by centrifugation at 160g 

for 10 mins, and the pellet resuspended in a further 20ml ammonium chloride solution 

and centrifuged as before. The pellet was finally washed in PBS-A (PBS buffer (pH 7.4) 

containing 0.03% (w/v) NaN3 and 0.2% (w/v) bovine serum albumin), and the cells 

counted and adjusted to 2 x 107 cells/ml.

2.6.2.2. Preparation of cell lines.

Cell lines to be analyzed were harvested and washed free of culture media, by 

centrifugation at 160g for 5 minutes and resuspended at 2 x 107/ml in PBS-A. Indirect 

immunofluorescence was carried out as described below (2.6.2.4).
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2.6.2.3. TPA-transformation ofHEL and K562 cells.

K562 and HEL cells were grown in culture in RPMI-FCS for one to two weeks prior to 

transformation. One day prior to TPA-treatment, cells were subcultured, to ensure they 

were in a phase of active logarithmic growth. They were then harvested, centrifuged at 

160g for 5 minutes and resuspended in RPMI-FCS at a concentration of 5 x KTcells/ml 

in 50ml RPMI-FCS. 12-O-tetradecanylphorbol-13-acetate (TPA: Sigma) was dissolved 

in ethanol to a concentration of 1.6 x 10"5M and added to HEL cells at a final 

concentration of 160 x 1C19M and to K562 cells at 8 x 10"9M TPA. Control cultures 

were incubated with the appropriate volume of ethanol. Cells were also cultured in the 

absence of either TPA or ethanol. On days 0, 1, 2 and 3, cells were gently resuspended 

and centrifuged at 160g for 5 minutes. Cells were washed once in PBS-A, by 

centrifuging at 160g for 5 minutes and resuspended at a concentration of 2 x 107 cells/ml. 

Cells were labelled using the indirect immunofluorescence method, as described in

2.6.2.4.

A cell viability count was determined for each culture by Trypan blue exclusion, as 

described in 2.2.

2.6.2.4. Indirect immunofluorescence (PBL and cell lines):

50ul o f cell suspension (2xl07/ml) was incubated for 15 minutes in 10ml round bottomed 

polystyrene tubes with dilutions of the MAb under test. After this period, the tubes were 

filled with 10ml PBS-A and centrifuged at 160g for 5 minutes. Supernatant PBS-A was 

decanted and leucocytes resuspended in 50ul PBS-A. 5ul of fluorescein-conjugated goat- 

anti-mouse Ig (Dako) was then added and cells incubated for a further 15 minutes. After 

this period the cells were washed as before, resuspended in 50ul PBS-A and fixed for ten 

minutes with 50ul of 8 % solution of formaldehyde (BDH) in saline. Samples were then 

diluted with 200ul PBS-A and analyzed by flow cytometry.

2.7. Flow Cytometric analysis.

Samples were analyzed in a Coulter EPICS profile II flow cytometer (Coulter Electronics
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Ltd, Luton, Beds). This instrument is air cooled and emits laser light at a fixed 

wavelength of 488nm. The instrument was aligned and calibrated daily to ensure that 

light scatter and fluorescence were constant, using lOum Coulter Immunocheck and 

Immunobright beads respectively. FITC fluorescence was detected using a 530nm band 

pass filter and PE with a 585nm band pass filter. A 0.22um on-line filter was 

incorporated to remove particulate matter, which may have similar scatter characteristics 

as the platelet population.

The principal settings for the flow cytometer were as follows:

Platelet Analysis Leucocyte/Cell lines

Laser power: 15 mWatts 15 mWatts

Sample volume: 50 or lOOul* lOOul

Sheath pressure: 7.5 psi 7.5 psi

Flow rate: 20ul/min** 40ul/min

Photomultiplier voltage: green channel 1250 volts 1200 volts

Photomultiplier voltage: red channel 1150 volts 1150 volts

Side scatter: 550 volts 400 volts

Cells counted: 5000 10000

* dependent on programme 

** lOul/ml for whole blood

Platelet and cell lines and leucocytes were identified by forward scatter and side scatter 

characteristics, and an electronic bitmap drawn around the population under analysis. 

A panel of appropriate negative controls was used to set a cursor, so that 2% of the cells 

fell within the positive range. Cells incubated with fluorescein-conjugated and PE- 

conjugated mouse immunoglobulins (Coulter) with no specificity for the cells under 

investigation were used to set the threshold values for the direct immunofluorescence 

samples. Second layer reagents were used as the negative controls for the indirect 

immunofluorescence samples. Positive populations were identified with appropriate 

MAbs as described in the results.
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Antibody binding was assessed in one of three ways: the percentage of platelets positive 

for each antibody, the mean fluorescence intensity (a measure of the number of molecules 

bound) and the binding index (BI) (MFI x % Positive/100), a measure of both the 

percentage of cells positive and the number of molecules bound per cell.

2.8. Platelet Function Studies.

Platelet aggregation was carried out by a standard turbimetric technique, as described by 

Bom (1962), using a Payton dual channel lumiaggregometer.

Aggregometry with PRP:

Aliquots of 0.4ml titrated PRP, adjusted to a concentration of between 2.5 - 3 x 108 

platelets/ml with autologous plasma, were stirred at 900rpm at 37°C in an aggregometer 

cuvette. Platelets were challenged with a range of agonists by adding not more than 20ul 

of one of the following agonists.

2 - 5uM ADP: Adenosine 5-diphosphate (dicyclohexyl ammonium salt) (Sigma)

2 - 5  uM Adrenaline: Adrenaline bitartrate (Sigma)

0 . 5 - 2  mM AA: Arachidonic acid (sodium salt) (Sigma)

10 - 15 uM A23187: (Calbiochem, Behring)

0.5 - 1 ug/ml Collagen: (Equine tendon collagen: Hormon-Chemie, Munich, Germany)

Aggregation was assessed in terms of rate, (change in light transmission with time) and 

height (increase in light transmission after 3 or 5 minutes). Both measurements are 

arbitrary units. The chart recorder was calibrated using PPP (zero) and PRP (100%).

Monoclonal antibodies under test were pre-incubated with PRP for 2 to 5 minutes prior 

to addition of agonist. Culture supernatants were mixed 1:1 with 200ul PRP (at 4 - 6 x 

108/ml) to give a final concentration of 2 - 3 x 108 platelets/ml. When ascites or purified 

antibody were used, not more than 20ul o f MAb was added per 400ul PRP at 2 - 3 x 

108/ml.
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Adenosine 5-triphosphate (ATP) secretion was monitored by addition of 20ul of 

Luciferase-luciferin (20mg/ml) (Sigma). ATP secretion was detected by an increase in 

luminescence signal, which was calibrated at the end of the aggregatory response by 

addition of luM ATP standard (Sigma). The deflection observed on addition of the ATP 

standard was used to calibrate the platelet secretory signal.

Aggreometry with washed platelets:

Thrombin-induced aggregation was assessed using washed platelets at thrombin- 

concentrations of between 0.05 - 0.5u/ml (bovine thrombin: Diagnostic Reagents) 

Platelets were washed as described in 2.1 and resuspended at 1 x 108 platelets/ml in 

HEPES buffer (pH 7.4). 400ul of washed platelet suspension were placed in an

aggregometer cuvette and supplemented with 4ul of lOOmM CaCl2. Secretion was 

monitored as before.

When measuring aggregation of washed platelets induced by agonists other than thrombin 

(such as ADP or collagen) fibrinogen was added at a final concentration of 0.4mg/ml.

Calcium Flux Studies:

Calcium flux was measured in response to ADP or proaggregatory MAbs.

Aliquots of a ImM stock solution of Fura2AM (Cambridge Bioscience, Cambridge) were 

stored in anhydrous DMSO at -40PC prior to use. ACD anticoagulated PRP was prepared 

as described in 2.1 and platelets loaded with 4ul Fura2AM per ml of PRP by incubation 

at 37°C for 30 minutes. The platelets were then centrifuged at 160g for 5 minutes and 

resuspended in HEPES buffer (pH 7.4) at a concentration of 1 x 108 platelets/ml. The 

washed platelet preparation was kept over ice and used within one hour. 400ul aliquots 

of Fura2AM-loaded platelets were incubated in a Perkin Elmer Fluorescence 

Spectrophotometer LS5 and re-calcified with 4ul of lOOmM CaCl2. Emission and 

excitation wavelengths were set at 500 and 339 nm respectively.

Controls consisted of an irrelevant MAb at the same concentration as the antibody under
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test.

2.9. ELISA for von Willebrand Factor (vWF).

The diluent used throughout this assay was a high salt buffer (0.0025M NaH2P 04.2H20 ,  

0.0075M Na2HP04.12H20 , 0.5M NaCl) containing 3% (v/v) Tween 20 and 3% (w/v) 

PEG 6000.

Ninety six-well microtitre plates were coated overnight at 4°C with a 1:600 dilution of 

rabbit-anti-human vWF (Dako) in low salt coating buffer (0.0025M NaH2P 04.2H20 ,  

0.0075M Na2HP04.12H20). Before use plates were washed five times in high salt wash 

buffer. Dilutions of each plasma sample were made from 1:50 to 1:400, and lOOul added 

to each well. After 3 hours incubation at room temperature, plates were washed and 

lOOul of a 1:4000 dilution of HRP-conjugated rabbit-anti-human vWF (Dako) added and 

the plates incubated for three hours at room temperature. After a final wash, the 

substrate solution was prepared by adding one 10mg/tablet O-phenylenediamine (OPD; 

Sigma) to 15 ml 0.347M Citric acid, 0.667M Na2HP04.12H20  and adding 7ul 30% H202 

and lOOul was added to each well and colour allowed to develop for 10 minutes. The 

reaction was stopped by addition of 50ul 2M H2S04 and the absorbance read at 492nm 

on a Titretek MCC plate reader (Flow Laboratories). Plasma levels of vWF were 

calibrated against that of 20 normal donar control plasma at dilutions of between 1:50 to 

1:400.
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2.10. Western Blotting.

| Platelet lysates were prepared from expired transfusion pack platelets. Erythrocytes and 

1 leucocytes were removed by centrifugation at 160g for 10 minutes and platelets washed 

three times in HEPES buffer (pH 6.0) to remove plasma proteins, such as albumin and 

immunoglobulins. After the final wash the platelet pellet was resuspended at 1 x 1010 

platelets/ml in 0.9% (w/v) saline (Baxter) and lysed with a final concentration of 1% 

Triton xlOO (BDH Ltd). Insoluble cytoskeletal proteins were removed by centrifugation 

at 75000g for 5 minutes. Aliquots of lOOul platelet lysate were stored at -40PC, prior to 

use.

One dimensional SDS-Page was carried out by the method of Laemmli (1970), using a 

Bio-Rad Protean II Mini gel apparatus (Bio-Rad, Herts, England). The final 

concentration of polyacrylamide in the running gel was 7.5% (w/v) and 4% w/v in the 

stacking gel. The gels were 0.75mm thick, and the sample wells of 4mm in width. 

Platelet lysates were diluted 1:3 in either a non-reducing buffer (1ml 0.5M Tris-HCl (pH 

6.8), 0.8 ml glycerol, 1.6ml 10% (w/v) SDS, 0.2ml 0.5% (w/v) Bromophenol blue and 

4ml distilled H20 ), or a reducing buffer (as before but supplemented with 5% (v/v) 2 /?- 

mercaptoethanol). Samples in reducing buffer were boiled for 10 minutes. All samples 

were electrophoresed at 100 volts until the buffer front had travelled approximately 

110mm into the resolving gel. The running buffer comprised 1.08g Tris base, 8.64g 

Glycine, 2g SDS in 11 distilled H20  and the pH adjusted to 8.3 with 1M HC1.

High and low molecular weight standards ranging from 14.3 to 205 kDa (Sigma) were 

run alongside the platelet lysates. Before blotting, the strips of gel containing the 

molecular weight markers were detached and stained for 30 minutes with 0.1% 

Coomassie blue (Sigma) diluted in fixative (40% methanol; 10% ethanol). Gels were 

destained over one to three hours with fixative and then dried using a slab gel drier (Bio- 

Rad). A graph of relative mobility (distance travelled by protein divided by the distance 

travelled by buffer front) against molecular weight of the standards was plotted and used 

to calibrate the molecular weights of the bands detected by the MAbs.
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Prior to blotting each gel was equilibrated for 1 hour in blotting buffer (3.03g Tris, 14.4g 

glycine, 200ml methanol made up to 1 litre in distilled H20 ) and 0.45um nitrocellulose 

paper cut to the gel dimensions and also pre-soaked in the blotting buffer. Blotting was 

carried out overnight at a constant voltage of 30V and a current of 40mA, after which 

the blots were treated for 1 hour with 5M Urea, dissolved in sample buffer to renature 

blotted proteins and then incubated for a further hour in 3% pre-warmed gelatin, diluted 

in PBS, to block non-specific binding. The Western blots were incubated overnight at 

4°C with a 1:100 or 1:250 dilution of ascitic fluid under test, diluted in PBS. Fully 

characterised monoclonal antibodies were used as internal controls. This was followed 

by incubation for 4 hours with a 1:250 dilution peroxidase-conjugated Rabbit anti-Mouse 

Ig (Dako) in PBS, washing with PBS between each incubation.

The immunoblots were then incubated with 50mg diaminobenzidine (Sigma) in lOOmls 

PBS and lOOul 30% (v/v) H20 2, until bands developed, then washed in tap water.

2.11, Immunohistology.

Unfixed tissues were obtained from patients with Crohn’s disease undergoing bowel 

resection, or appropriate controls, eg carcinoma of the caecum, strangulated bowel. 

Small blocks, not more than 0.5cm3, were excised and embedded in OCT compound 

(Miles Ames Division, Indiana, USA), on 1cm2 cork tiles, then rapidly frozen by 

immersion in isopentane (BDH), cooled over liquid nitrogen. All tissues were wrapped 

in cling film and stored at -70°C if not sectioned immediately.

Immunohistochemistry was performed on cryostat sections of 5um thickness. Each 

section was allowed to dry for at least 1 hour at room temperature, and stored at -70°C 

before use. Every tenth section was stained with Harris’s haematoxylin (5g 

haemotoxylin, 50ml ethyl alcohol, lOOg potassium alum, 2.4g mercuric oxide, 4ml 

glacial acetic acid made up to 1 litre distilled water) and 5 % (w/v) eosin to enable the 

morphology to be studied. Different methods of fixation were assessed. These consisted 

of the following:

Neutral buffered formalin (10% (v/v) Formaldehyde, 0.65% (w/v) NaH2P 04, 0.4% (w/v) 

NaHP04).
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Acetone.

50:50% (v/v) Methanol: Acetone.

1% (w/v) paraformaldehyde in Tris Buffered saline, (TBS: NaCl 8g, Tris 

hydroxymethylamine 0.67g, 1M HC1 4.4ml, made up to 1 litre with distilled water)

2% (w/v) paraformaldehyde in TBS.

Paraffin-embedded sections, pre-fixed with neutral buffered formalin.

No fixation.

Fixation with Neutral buffered formalin produced in the clearest results and was used 

throughout the study.

After fixation (lOmins), sections were washed first in tap water, then TBS. Before 

primary antibody addition, sections were treated with a 0.5% (v/v) H20 2 solution in 

methanol for 10 minutes to block endogenous peroxidases present in the tissues, and then 

incubated for 15 minutes with blocking solution (5 % (w/v) BSA in TBS) to reduce non

specific protein binding. Primary antibodies were incubated on sections for one hour in 

humidity chambers at room temperature, followed sequentially by incubation for 30 

minutes with biotinylated rabbit-anti-mouse Ig serum (Dako) or biotinylated swine-anti- 

rabbit Ig serum (Dako), depending on the species in which the primary antibody was 

raised, followed by HRP-conjugated avidin-biotin complex (Dako) for a further 30 

minutes at room temperature. Following each step, slides were rinsed with TBS then 

placed in a bath of TBS on a shaker for 7 minutes. The avidin-biotin complex was 

detected using 6mg 3,3 diaminobenzidine substrate (DAB: Sigma) dissolved in 0.06% 

Tris-HCl buffer (pH 7.6) (0.048M Tris, 0.038M HC1 and 0.01% H20 2). Staining was 

detected microscopically. Once colour developed, sections were immersed in tap water, 

before counterstaining with Mayer’s Haemotoxylin (lg  haemotoxylin, 50g potassium 

alum, 0.2g sodium iodate, lg  citric acid, 50g chloral hydrate in 1 litre distilled water) 

and mounting in DPX (Formulation Raymond A Lamb: BDH). Slides were viewed on 

a Zeiss binocular microscope.
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RESULTS AND DISCUSSIONS. 
CHAPTERS 3 to 8
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3. The Production and Characterisation of Monoclonal Antibodies directed 

against sites on Unstimulated Platelets.

This section describes the production, screening and characterisation of MAbs to GPIIb- 

nia (CD41/61 MAbs) and GPIb (CD42 MAbs), resulting from fusions using mice 

immunised with normal, unstimulated platelets.

3.1. Screening ofHybridoma Culture Supernatants.

Two fusions were carried out. After ten to fourteen days, distinct colonies of hybrid 

cells were detected. Culture supernatants from wells with macroscopically visible 

colonies were removed and tested by ELISA for the presence of anti-platelet MAbs. 

M148, a CD41, complex-specific MAb, used in the form of ascitic fluid, acted as a 

positive control. It was diluted to 1/500 and 1/1000, the approximate antibody 

concentration expected in culture supernatant. RFT1 (a CD5 MAb) and RPMI-FCS acted 

as negative controls; the latter was used to calibrate (zero) the plate reader.

At the initial testing, of the 78 wells that contained hybridomas secreting antibody that 

reacted with platelets, twenty-six also had an effect on platelet function. The individual 

colonies of hybrid cells identified in this way were subcultured into fresh media and 

retested for original antibody activity, initially by ELISA and subsequently by 

lumiaggregometry.

Representative MAbs eliciting different effects on platelet function were selected for 

further study.

Six hybridomas secreted MAbs which partially inhibited collagen- and ADP-induced 

platelet aggregation. One MAb totally abolished aggregation elicited by both ADP and 

collagen. All MAbs were cloned by limiting dilution. Three of the MAbs that had a 

partial effect on platelet aggregation (RFGP15, RFGP52 and RFGP41) together with the 

total inhibitor of aggregation (RFGP56) were also grown up in ascitic fluid.
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Six hybridomas secreted MAbs which suppressed ristocetin-induced agglutination,either 

partially (four MAbs) or totally (two MAbs). Both total inhibitors were cloned, but only 

one (RFGP37) was stable in culture, and selected for further cloning and ascites 

production.

Twelve hybridomas secreted MAbs which induced platelet aggregation in the absence of 

any other agonists. Of these RFGP20 was selected for ascites production and further 

study; although this hybridoma grew well in ascites, the antibody was unstable on storage 

at -40°C.

Two hybridomas secreted MAbs that caused platelet lysis, presumably by complement 

fixation; these hybridomas were not pursued.

Monoclonal antibodies thus identified were all found to be IgGx.

3.2. Western Blot Analysis o f Platelet Antigens Recognised by RFGP MAbs.

SDS-PAGE was carried out under both reducing and non-reducing conditions and proteins 

blotted onto nitrocellulose membranes to identify the molecular weights of the antigens 

recognised by each of the RFGP MAbs. Molecular weights were calibrated using 

molecular weight standards and MAbs of known antigenic specificity; M148 

(CD41/GPIIb-HIa (complex-specific); Jones et al 1984), AP-3 (CD61/GPIIIa; Newman
A*

et al 1985) and P256 (CD41 (IIb)/GPIIb; Bai et al 1984) were used as internal controls.
A

In the absence of renaturation, AP-3 was the only MAb that bound the blotted proteins, 

however, on incubating blots with 5M Urea, the majority of MAbs bound.

Under non-reducing conditions (Figure 3.1) AP-3 bound to a protein of molecular weight 

95 kDa corresponding GPIIIa and P256 bound to a protein of apparent molecular weight 

140 kDa corresponding to GPIIb. M l48, however, bound both the 140 kDa (GPIIb) and 

the 95 kDa (GPIIIa) proteins

As with M148, RFGP56 bound to two proteins of molecular weights 140 kDa and 95 

kDa, whilst RFGP41 recognised only the protein of molecular weight 140 kDa and 

RFGP52 only the protein of molecular weight 95 kDa. RFGP 15 and RFGP37 failed to
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bind under these conditions.

Under reducing conditions (Figure 3.2) the molecular weights of the proteins recognised 

by M148 and P256 were altered; the molecular weight of the 140 kDa protein (GPIIb) 

decreased to 125 kDa, whilst the protein of molecular weight 95 kDa (GPIIIa) increased 

to 110 kDa. AP-3 failed to bind under these conditions.

Both RFGP56 and RFGP41 reacted strongly with the 125 kDa protein and weakly with 

the 110 kDa protein; suggesting reactivity with both GPIIb and GPIIIa: RFGP 15, bound 

strongly to both proteins. As with the non-reduced gel RFGP37 failed to bind.

A summary of the MAbs raised to surface membrane glycoproteins is shown in Table

3.1.
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3.3. Cellular reactivity o f RFGP Monoclonal Antibodies.

3.3.1. Reactivity with Platelets

To further characterise the antigens bound by each of the RFGP MAbs, antibody binding 

was assessed against platelets deficient in either GPIIb-IIIa (Glanzmann’s thrombasthenia) 

or GPIb (Bernard Soulier Syndrome) or platelets treated with EDTA to dissociate the 

GPIIb-IIIa complex. Antibody binding to platelets in PRP was assessed using an indirect 

immunofluorescence method and analysed by flow cytometry.

Using a combination of forward scatter and log side scatter, the platelet population could 

be identified, as shown in Figure 3.3. Region 1 depicts a region of electronic noise and 

Region 2 represents the platelets. An electronic bitmap was drawn to enclose the platelet 

population identified in this way. The CD41 MAb, M148, was used to assess the 

homogeneity of the cells enclosed within the bitmap. Correct placing of the bitmap was 

assumed when >  98% of platelets were positive for this marker.

Each MAb (in the form of ascitic fluid) was titrated over a range of dilutions from 1:50 

to 1:50,000 against a fixed number of platelets and subsequently incubated with an excess 

of fluorescein-conjugated Goat-anti-mouse Ig. Once the approximate antibody 

concentration giving optimal antibody binding was established, a more limited range of 

MAb concentrations was used, and the second layer also titrated. Optimal antibody 

concentration was determined from the mean fluorescence intensity (MFI) and determined 

as the minimum antibody concentration resulting in maximum binding, identified from 

a dose response curve. Concentrations below this value resulted in incomplete saturation 

of antibody binding sites, whilst concentrations in excess resulted in reduced binding due 

to a high dose hook effect.
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FORWARD SCATTER

LOG SIDE SCATTER

Figure 3,3.

Figure showing platelet size (forward scatter) and granularity (log side 
scatter) characteristics of platelets analysed by flow cytometry in PRP.

KEY:
Region 1, electronic noise;
Region 2, platelet population demarcated by an electronic bitmap.
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The optimal antibody concentrations were as follows:

MAb Working Dilution

Primary Ab

RFGP 15 

RFGP56

1:250

1:500

RFGP41 1:750

RFGP52 1:250

RFGP37 1:750

Secondary Ab 

FITC-G-anti-Mouse Ig 70ug/ml

Platelets from a Patient with Glanzmann’s thrombasthenia (GT):

Glanzmann’s thrombasthenia is an autosomal recessive bleeding disorder, characterised 

by a quantitative defect in the platelet expression of GPIIb-IIIa, or less commonly by a 

functional abnormality of the complex (Nurden and Caen 1974) The majority of patients 

with GT belong to one of two main sub-groups: type I GT (75% of patients) is 

characterised by surface expression of less than 5% GPIIb-IIIa, whilst in the less 

common type II GT, (16% of patients), platelet GPIIb-IIIa is between 10-20%  of the 

normal range.

Figure 3.4 illustrates the flow cytometric data from a patient with type I GT, (patient 1, 

Table 3.2).

Antibody binding to platelets from three patients with GT (homozygous type I, 

homozygous type n  and heterozygous type I) was compared to platelets from normal 

controls and expressed as a percentage of the binding index in the control group (Table 

3.2). Only one MAb, RFGP37, bound normally to platelets from GT patients, whether 

homozygous or heterozygous for the disorder. RFGP56, RFGP41, RFGP52 and RFGP15
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failed to bind to platelets from the patient with type I GT, (BI: 1% of normal controls), 

and binding was much reduced to platelets from the patient with type II GT (BI: 10 to 

20% of normal controls). An intermediate level of binding was seen to platelets from 

patients heterozygous for GT, giving a binding index of between 39-58%  of the normal 

controls.

EDTA-treated platelets:

Treatment of platelets with 6mM EDTA effectively dissociates the GPIIb-IIIa complex 

and abolishes antibody binding to Ca2+-dependent or conformation/complex-dependent 

sites. All of the monoclonal antibodies which failed to bind to patients with GT 

(RFGP15, RFGP41, RFGP52 and RFGP56) also failed to bind significantly to EDTA- 

treated platelets (BI: 8 - 13% of the normal controls). RFGP37 binding, however, was 

unaffected by Ca2+ chelation. Figure 3.5 illustrates the flow cytometric profiles obtained 

with EDTA-treated platelets.

Taken together, the results with the GT platelets and the EDTA-treated platelets indicate 

that RFGP15, RFGP41, RFGP52 and RFGP56 bind to calcium-dependent and/or 

complex-specific sites on GPIIb-IIIa.

Platelets from a Patient with Bernard Soulier Syndrome:

Bernard Soulier syndrome is an autosomal recessive bleeding disorder, characterised by 

variable thrombocytopaenia with giant platelets deficient in GPIb-IX (Nurden and Caen 

1975, Jenkins et al 1976). RFGP 15, RFGP41, RFGP52 and RFGP56 all bound to 

platelets isolated from patients with this disorder. Antibody binding, determined by the 

binding index, was much increased reflecting the increased size of the platelets from this 
patient j  (Table 3.2).

Binding of RFGP37, however, was negligible, suggesting that RFGP37 binds to a site 

on the GPIb/IX complex.
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1. 0 %

RFGP56 (GPIIb-IIIa) RFG P52 (GPIIIa)

RFG P41 (GPIIb-IIIa) R FG P37(G PIb)

0.5%

KEY

□  NORMAL PLATELETS 

■  GLANZMANN'S THROMBASTHENIC 

PLATELETS 

H  2% CURSOR

R FG P15 (G PIIb-IIIa)

Figure 3.4.

Flow cytometric profiles, showing binding of RFGP MAbs to normal 
platelets and to platelets from a patient with Type 1 Glanzmann’s 
thrombasthenia. The abcissa represents the relative fluorescence intensity 
(MFI) and the ordinate the percentage of positive platelets.
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99%

10%

R FG P56 (GPIIbHlla) R FG P52 (GPIIIa)

95% . ^ 9 5 %

RFGP41 (G PIIbH lla) R FG P37 (GPIb)

KEY

□  NORMAL PLATELETS 

■  EDTA-TREATED PLATELETS 

W  2% CURSOR

RFGP 15 (G PIIbH lla)

Figure 3.5.

Flow cytometric profiles, showing binding of RFGP MAbs to normal 
platelets and EDTA-treated platelets. The abcissa represents the relative 
fluorescence intensity (MFI) and the ordinate the percentage of positive 
platelets.
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3.3.2. Reactivity with Peripheral Blood Leucocytes.

Peripheral blood leucocytes were prepared by ammonium chloride lysis of red blood 

cells, and labelled using the indirect immunofluorescence method. The samples were 

analysed in terms of forward scatter (size) and log side scatter (granularity) 

characteristics, as shown in Figure 3.6. Three distinct populations of cells could be 

distinguished and an electronic bitmap was drawn around each; bitmap 1 enclosed 

lymphocytes, bitmap 2, monocytes and bitmap 3, granulocytes.

A panel of antibodies of known specificity (listed in Table 3.3) was used to ensure the 

cells enclosed within each bitmap were a homogeneous population, and to adjust the 

bitmap position accordingly. The results are summarised in Table 3.4. The lymphocyte 

population was identified using CD3 and CD20 MAbs. CD3 is a pan T-cell marker, and 

bound 75 % of peripheral blood lymphocytes and a sub-population of granulocytes; this 

finding was comparable to those described by Kurrle (1989). CD20 is expressed on all 

B-cells in the peripheral blood, this antibody reacted with 9% of lymphocytes enclosed 

within bitmap 1.

CD24 MAbs recognise granulocytes and a sub-population of B cells. This Mab bound 

> 90% of peripheral blood granulocytes in addition to 7% of B cells.

Monocytes were identified with the CD 14 Mab, UCHM1. More than 80% of cells in 

bitmap 2 were positive for this antibody. A heterogeneous reactivity of CD 14 Mabs with 

granulocytes has been described (Jayaram and Hogg 1989). The antibody used in this 

study belonged to the group which bound to a sub-population of peripheral blood 

granulocytes.

An HLA-class 1 MAb, W6/32, was also included in the panel and bound between 88 - 

98% of all peripheral blood leucocytes.

Thus antibody reactivity with the cells enclosed within bitmaps 1, 2 and 3 (lymphocytes, 

monocytes and granulocytes) corresponded to the distribution of each leucocyte sub

population expected in normal peripheral blood.

Each of the RFGP MAbs was tested over a range of antibody concentrations against
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FORWARD

SCATTER

LOG SIDE SCATTER

Figure 3.6.

Figure showing size (forward scatter) and granularity (log side scatter) 
characteristics of peripheral blood leucocytes, isolated from whole blood, 
using the ammonium chloride lysis method and analysed by flow cytometry.

KEY:
Bitmap 1, lymphocytes;
Bitmap 2, monocytes;
Bitmap 3, granulocytes.
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Table 3.3.

Monoclonal Antibodies used in Leucocyte Phenotypic Studies.

CD No. MAb Source Specificity

CD3 Leu2 Becton Dickinson Pan T cell marker

CD5 T1 Coulter Electronics Pan T cell marker

CD9 FMC56 Dr. H. Zola Sydney, Aust. Monocytes

CD 14 UCHM1 Dr. P. Beverley UCH Monocytes

CD 19 RFB9 Prof. G. Janossy RFHSM pan B/pre B lymphocytes

CD20 BI Coulter Electronics pan B lymphocyte

CD21 RFB6 Prof. G. Janossy RFHSM mature B lymphocyte

CD24 BA1 Hybritech B cell associated antigen:

granulocyte

CD36 5F1 Dr ID. Bernstein USA. Monocytes and platelets

CD45RO UCHLI Dr. P. Beverley UCH Memory T cells

MHC II (DR) Becton Dickinson HLA-DR antigens

HLA-I W6/32 Cells obtained from ATCC HLA class I antigens

MsIG -FITC Coulter Electronics

Second Layer antibody

Goat anti mouse FITC Dako Ltd Mouse Immunoglobulin
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peripheral blood leucocytes, using the indirect immunofluorescence method. Less than 

10% of lymphocytes or granulocytes bound the RFGP MAbs. Each monoclonal 

antibody, however, bound weakly to a proportion (less than 50%) of monocytes. This 

was attributed to the adherence of platelets or platelet fragments to the monocyte surface 

as has been described by Kieffer et al (1987). The results are summarised in Table 3.5.
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Phenotypic Analysis of Peripheral Blood Leucocytes.

(mean 1 sd: n =  3)

MAb % Ceils positive *

Lymphocyte Monocyte Granulocyte

CD3 7 5 .519 .1 0.0 8.5 1  12

CD20 9.0 I  1.4 0.0 2 .0 1  1.4

CD24 -j b I + to 00 7.0 1 5 .6 95.0 1  5.6

CD 14 5 .0 1 2 .1 9 1 .0 1 5 .4 i—• p b
 

1 +
 

o
 

00

HLA-Class-I 99 .010 .14 9 8 .0 1  1.4 88.0 1  15.5

Table 3.5

RFGP MAb Reactivity with Peripheral Blood Leucocytes.

MAb % Cells positive

Lymphocyte Monocyte Granulocyte

RFGP56 6 26 4

RFGP41 5 33 5

RFGP 15 9 48 6

RFGP52 3 16 3

UF(TP37 £ 25 1
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3.3.3. Reactivity with Lymphoblastoid Cell Lines.

Cultured cell lines are valuable research tools, not only in the analysis of cell 

differentiation, maturation and proliferation, but also for the detailed characterisation of 

monoclonal antibodies. Each cell line is arrested at a specific stage in differentiation and 

cloned to ensure they consist of a truly homogeneous population. As the cell lines can 

be repeatedly tested, and made available to a number of different laboratories, the

phenotype of many is well established.

Cell lines were first analysed with a panel of MAbs of known specificity to ensure

phenotypic integrity, and subsequently against the MAbs raised in house and those

submitted to the Fourth International Workshop of Leucocyte Differentiation Antigens 

(Chapter 4.1.3). The cell lines are listed in Table 3.6.

The two B lymphoblastoid cell lines, RAJI and Daudi correspond to a relatively late stage 

of B cell differentiation. These cell lines bound the pan B cell markers, CD 19, CD20 

and CD21, the latter antibody a marker of mature B cells. The reactivity of the RAJI 

cell line with the CD24 MAb (a marker of B lineage ALL cells, and hence a marker of 

immature B cells) was weak ( <  10%), highlighting the relatively late stage of 

differentiation of this cell line.

Nalm-6 is a pre B-ALL cell line. Nalm-6 cells bound to CD 19 and CD24 MAbs but 

failed to bind CD20 or CD21 MAbs. The CD20 and CD21 antigens are expressed at a 

later stage of B cell development than CD 19, failure of CD 19 MAbs to bind to Nalm-6 

cells reflecting the relatively early stage from which this cell line was derived.

The T cell lines Molt3, Molt4 and JM-1 cells bound the T cell marker CD5. However, 

as Molt3 and Molt4 cells are derived from an earlier stage in T cell differentiation than 

JM-1 cells; they failed to bind CD3, a marker only expressed on mature T cells.

The results of this phenotypic analysis are shown in Table 3.7.

Each of the RFGP MAbs was tested for its reactivity to the cell lines listed in Table 3.6. 

RFGP MAbs bound negligibly to the majority of cell lines, showing the restricted
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Table 3.6.

Cell Lines used in Phenotyping RFGP MAbs.

Cell Line Supplied by Cellular Specificity Reference

Daudi Minowada* B lymphoblastoid cell line 

(Burkitts lymphoma)

Klein et al 1968

RAJI Minowada* B lymphoblastoid cell line 

(Burkitts lymphoma)

Pulfertaft 1964

Nalm-6 Minowada* Pre B cell line Minowada et al 1978

JM-1 Minowada* T cell line Greaves et al 1978

Molt 3 Minowada* T cell ALL Minowada et al 1972

Molt 4 Minowada* T cell ALL Minowada et al 1972

HEL Horton** Erythroleukaemic cell line M a r t i n  a n d  

Papyannoupolou 1982

K562 Horton** Erythroleukaemic cell line Lozzio and Lozzio 1975

* Supplied by Dr Jun Minowada, Rothwell Park Memorial Institute USA.

** Supplied by Dr M.J. Horton, Imperial Cancer Research Fund, St. Bartholemews 

Hospital, London.
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Table 3.7.

Phenotypic Analysis of Cell Lines.

MAb % Cells Positive

Nalm-6 Raji Daudi Moit3/4 JM-1

CD3 0 4 1 3 93

CD5 0 5 ND 75 99

CD 19 - 100 100 100 100 ND

CD20 0 100 100 0 2

CD21 2 100 100 1 ND

CD24 100 < 10 ND ND ND

Table 3.8.

RFGP MAb Reactivity with Cell Lines.

MAb % Cells Positive

Nalm-6 RAJI Daudi Molt3/4 JM-1

RFGP56 1.4 31.1* 1.0 1.9 3.7

RFGP41 1.0 2.7 0.7 1.8 2.3

RFGP 15 2.4 18.2* 1.8 2.2 4.0

RFGP52 0.9 5.0 1.0 1.8 2.9

RFGP37 0.6 3.6 0.3 1.6 2.7

ND =  Not done * =  Low MFI 
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The evidence suggests that whilst GPIIIa may form a heterodimeric complex with a 

second protein of a molecular weight similar to that of GPIIb (110 kDa) (Tetteroo et al 

1984), this protein is immunologically distinct from that of platelet GPIIb (Vainchenker 

et al 1986, Kieffer et al 1988b).



distribution of the antigens identified by these antibodies, as summarised in Table 3.8. 

Two MAbs, RFGP56 and RFGP15, did, however, show a weak reactivity with the B cell 

line, RAJI.

3.3.4. Reactivity with Erythroleukaemic Cell Lines.

The cell lines HEL and K562 were established from patients with erythroleukaemia, and 

both clearly express a number of erythroid markers, such as glycophorin, R pyruvate 

kinase and acetylcholinesterase. Following TPA-treatment these cell lines can be induced 

to express markers of the megakaryocytic lineage. HEL cells normally express a GPIIb- 

Illa-like molecule on their surface (Tabilio et al 1984) which has been cloned, and found 

to have marked homology with platelet GPIIb-IIIa. The expression of this molecule on 

HEL cells is up-regulated following treatment with the phorbol ester, TP A. GPIb, 

however, is only expressed on this cell line following TPA-induction.

Following treatment with TPA, K562 cells can be induced to express the platelet markers 

GPIIIa and platelet peroxidase (Vainchenker et al 1981, Tetteroo et al 1984). K562 

cells, however, fail to express GPIIb or GPIb on their surface, either before or after 

TPA-treatment. V

The phenotype of the two erythroid cells was confirmed using the MAbs listed in Table

3.3. A heterogeneous reactivity was detected with these cell lines with markers of the 

myeloid and the B cell lineage. HEL and K562 cells bound to 18% and 78% of CD9 

MAbs and 98% and 42% of CD36 MAbs respectively. Neither cell line, however, 

bound significantly to the other myeloid marker CD14. This pattern of reactivity with 

was similar to that described by von dem Borne and Moddermann (1989).

A subpopulation (approximately 40%) of both cell lines bound the granulocyte and B cell 

marker CD24, but not the B cell-specific CD 19 MAb.

Niether cell line bound to the T cell marker CD5, in agreement with previous studies 

carried out by Papayannopoulou et al (1983). Binding to MHC II (DR) was also absent.

The results are demonstrated in Figure 3.7.
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RFGP15, RFGP41, RFGP52, RFGP56 and the known CD61 (AP-3) and CD41 (lib) 

(P256) MAbs bound greater than 90% of HEL cells. Binding was markedly increased 

on treatment with TPA, as indicated by an increase in the binding index over three days 

(Figure 3.8).

RFGP37 bound weakly to untransformed HEL cells (BI: 0.5units) but following TPA- 

induction, antibody binding increased ten-fold (BI: 5units).

RFGP15, RFGP41, RFGP56 and RFGP37, together with P256 bound only weakly to 

K562 cells, both pre and post treatment with TPA (Figure 3.9). Binding of RFGP52 and 

AP-3 was also negligible on untreated K562 cells, but on treatment with TPA, antibody 

binding increased steadily with time, binding to 80% of cells by day three.

Binding of RFGP37, was negligible, regardless of TPA-treatment.
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3.4. The Effect o f the RFGP MAbs on Agonist-Induced Platelet Aggregation, Secretion

and ADP-Induced Ca2+ Flux.

In this section the influence of CD41/61 MAbs (RFGP56, RFGP41 and RFGP52) on 

platelet activation/aggregation induced by several platelet agonists is assessed. PRP was 

pre-incubated with 1 - 2 0  ug/ml DEAE-purified MAb. ADP- and collagen-induced 

aggregation and secretion were assessed over a range of concentrations between 0.2 - 

lOuM ADP and 0.2 - 5ug/ml collagen. Other agonists were examined over a more 

restricted range, as will be detailed in the text.

3.4.1. Inhibition o f Aggregation and Secretion Induced by ADP, Collagen, Adrenaline, 

Arachidonate and A23187 by RFG56, RFGP41 and RFGP52.

RFGP56 totally inhibited platelet aggregation and secretion mediated by ADP (5uM), 

collagen (0.5 and l.Oug/ml), adrenaline (5uM) and the calcium ionophore, A23187 

(12uM) (Figure 3.10). The shape change that occurs in response to ADP and collagen 

was unaffected by this antibody. Inhibition of aggregation was observed at antibody 

concentrations of 8ug/ml and above, and with the exception of collagen-induced 

aggregation could not be overcome by increasing the agonist concentrations.

Induction of platelet aggregation and secretion by 0.5mM arachidonate was inhibited by 

RFGP56 at antibody concentrations of >20ug/ml; lower concentrations of this MAb 

(5ug/ml), which totally abolished aggregation in response to other agonists, only partially 

inhibited aggregation induced by arachidonic acid.

RFGP41 and RFGP52 were heterogeneous in their effects on platelet aggregation induced 

by different agonists as seen in Figures 3.11 and 3.12.

At antibody concentrations of 8ug/ml, RFGP41 was only weakly inhibitory to ADP- 

induced platelet aggregation, whilst RFGP52 totally inhibited the second phase of 

aggregation. Both antibodies totally inhibited aggregation induced by 0.5ug/ml collagen, 

however, this effect was partially overcome at collagen concentrations of lug/ml. 

Aggregation induced by collagen was more successfully inhibited by RFGP41 than
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ADP 5uM COLLAGEN 0.

RFGP56

1min

10%LT|

CONTROL

5 jn g /m l COLLAGEN 1.O p ig /m l

ADRENALINE 5uM ARACHIDONATE 0.5mM A23187 12uM

Figure 3.10,

Representative aggregometry tracings showing platelet aggregation in
response to ADP, collagen, adrenaline, arachidonate and A23187 in the
presence and absence of 8ug/ml RFGP56.
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ADP 5uM COLLAGEN 0.5mg/ml COLLAGEN 1.0mg/ml

10%LT

1m in

RFGP41

control:

ADRENALINE 5uM ARACHIDONATE 0.5mM A23187 12uM

Figure 3.11.

Representative aggregometry tracings showing platelet aggregation in
response to ADP, collagen, adrenaline, arachidonate and A23187 in the
presence and absence of 8ug/ml RFGP41.
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ADP 5uM COLLAGEN 0.5jng/m l COLLAGEN 1.0jng/m l

Imin

RFGP5210%LT'

C O N TR O L

ADRENALINE 5uM ARACHIDONATE 0.5mM A 23187  12uM

Figure 3.12.

Representative aggregometry tracings showing platelet aggregation in
response to ADP, collagen, adrenaline, arachidonate and A23187 in the
presence and absence of 8ug/ml RFGP52.
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RFGP52.

Inhibition of aggregation induced by A23187 (12uM) was similarly heterogeneous with 

these two MAbs. At antibody concentrations of 6 - 20ug/ml RFGP52 inhibited second 

phase aggregation and fully inhibited secretion (data not shown). On reducing the 

antibody concentration to 1.5ug/ml aggregation was not inhibited although secretion was 

reduced to 55% of normal. At similar antibody concentrations (8 - 20ug/ml), RFGP41 

did not inhibit totally second phase aggregation, but reduced both the rate of aggregation 

and the level of secretion. On reducing the antibody concentration to 1.5ug/ml RFGP41 

had no effect on either A23187-induced aggregation or secretion.

Adrenaline-induced aggregation gave rise to a different inhibitory pattern with the two 

MAbs. In response to 5uM adrenaline, RFGP41 (5 - 20ug/ml) totally suppressed platelet 

aggregation and secretion, whilst at similar antibody concentrations RFGP52 was only 

partially inhibitory; the initial rate of aggregation was inhibited by 36% and the height 

by 10%, and a more exaggerated biphasic aggregatory pattern was observed. Even at 

antibody concentrations of 18ug/ml, RFGP52 only partially inhibited the rate of 

aggregation (75%), although secretion was abolished.

Neither RFGP41 or RFGP52 was able to inhibit platelet aggregation or ATP secretion 

induced by 0.5mM arachidonate, even when antibody concentrations of 20ug/ml were 

used.

The Effect of Antibody Concentration on Aggregation induced by ADP and Collagen:

In order to determine the effect of antibody concentration on aggregation and secretion 

induced by ADP (5uM) and collagen (lug/ml), RFGP56, RFGP41 and RFGP52 were 

titrated from a concentration of 20ug/ml to 0.08ug/ml. At antibody concentrations of 

20ug/ml, both RFGP56 and RFGP52 could totally inhibit platelet secretion induced by 

5uM ADP, RFGP41, however, was only partially inhibitory at this antibody 

concentration (Figure 3.13). Both RFGP52 and RFGP41 slowed the initial rate of 

aggregation induced by this agonist, although only RFGP52 inhibited totally second phase
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Figure 3.13.

Inhibition of ADP-induced (5uM) aggregation (rate) and secretion by 
RFGP56, RFGP41 and RFGP52: The effect of antibody concentration. 
Mean of two/three experiments.
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Inhibition of collagen-induced secretion
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Figure 3.14.

Inhibition of collagen-induced (lug/ml) aggregation (rate) and secretion by 
RFGP56, RFGP41 and RFGP52: The effect of varying antibody 
concentration. Mean of two/three experiments.
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aggregation. RFGP56, as previously stated was totally inhibitory at antibody 

concentrations of 20ug/ml.

On titrating the MAbs, the inhibitory effect of RFGP41 was overcome at higher antibody 

concentrations than RFGP52. RFGP56, however, was more inhibitory than either of 

these two MAbs, when measured in terms of rate of aggregation and secretion.

At collagen concentrations of lug/ml, RFGP41 was more inhibitory than RFGP52 both 

in terms of aggregation and secretion, both of which were abolished by this antibody at 

antibody concentrations of 20ug/ml (Figure 3.14). RFGP52, however, was only partially 

inhibitory inhibiting aggregation by 32% (rate) and secretion by 85%. On titrating out 

both antibodies it was found that the inhibitory effects of RFGP52 were overcome at 

higher antibody concentrations (2ug/ml) than RFGP41, in contrast their effects on ADP- 

induced aggregation. As before RFGP56 was more inhibitory to collagen-induced 

aggregation than either RFGP41 or RFGP52.

Figure 3.15 shows the effect of varying both the antibody (RFGP52 and RFGP41) and 

agonist (ADP and collagen) concentration on platelet aggregation. At antibody 

concentrations of 8.5ug/ml (RFGP41) and 6ug/ml (RFGP52) both antibodies could 

abolish platelet aggregation induced by 0.4uM ADP. On raising the ADP concentration, 

the inhibitory effect of both antibodies was overcome. On increasing the antibody 

concentration, the agonist dose response curve was shifted to the right and conversely, 

lower antibody concentrations gave rise in a shift in the curve to the left.

In response to 0.2ug/ml collagen platelet aggregation was abolished by both RFGP52 and 

RFGP41. On raising the collagen concentration, however, the inhibitory effect of 

RFGP52 was overcome at lower agonist concentrations than that of RFGP41. At a 

collagen concentrations of 5ug/ml, the inhibitory effects of both antibodies was almost 

totally overcome. As before the inhibitory effect of the antibodies was dependent not 

only on antibody concentration but also on the concentration of the agonist.
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3.4.2. Inhibition o f Thrombin-Induced Aggregation and Secretion by the RFGP MAbs.

Thrombin-induced aggregation was studied using a washed platelet preparation and 

agonist concentrations of 0.05 and 0.5u/ml. RFGP56, RFGP41 and RFGP52 all totally 

inhibited aggregation at thrombin concentrations of 0.05u/ml. The small increase in light 

transmission detected in these experiments (Figure 3.16) was not associated with a fall 

in the free platelet count. On increasing the thrombin concentration to 0.5u/ml, however, 

none of the MAbs blocked aggregation, although all three produced a similar delay before 

a full aggregatory response was observed. The aggregatory response induced by 

thrombin was not considered to be due to lysis, as ATP release was not greatly enhanced, 

nor clotting, as clotting produces a characteristic aggregatory profile, which was not 

observed. The percentage inhibition of ATP secretion in response to high and low 

thrombin concentrations by these antibodies is shown in Table 3.9. Whilst aggregation 

was totally inhibited at 0.05u/ml thrombin, secretion was only partially affected. 

RFGP56 had maximum effect, causing 56% inhibition: a very similar inhibition was seen 

at 0.5u/ml thrombin.

The lag preceding aggregation induced by 0.5u/ml thrombin was greatest with those 

antibodies which had a more marked effect on secretion in response to this agonist, ie 

RFGP56 >  RFGP41 > RFGP52.
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0.5u/ml THROMBIN

RFGP52RFGP41RFGP56CONTROL

10% LT

RFGP52RFGP56CONTROL

Figure 3.16.

Representative aggregometry tracings showing platelet aggregation induced
by 0.5u/ml and 0.05u/ml thrombin in the presence and absence of RFGP56,
RFGP41 and RFGP52.

117



Table 3.9.
Inhibition of ATP Secretion induced by Different Concentrations of Thrombin by the 

RFGP MAbs.
(Mean 1  sd; n =  3).

MAb % Inhibition

Thrombin Concentration

0.05u/ml 0.5u/ml

Control 0 0

RFGP56 53 1 2.7 43 1  5.2

RFGP41 3 0 ^ 5 .1

Tf"+ 
l

00i-H

RFGP52 1 6 1 2 .9 15 * 7.6

RFGP15 26 + 3.9 13 + 3.1
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3.4.3. Inhibition o f ADP-induced Calcium Flux by RFGP MAbs.

Washed, Fura2AM-loaded platelets were incubated with an excess ( >  lOug/ml) of 

RFGP56, RFGP41, RFGP52, RFGP37 and M148 in a Perkin Elmer luminescence 

spectrophotometer, and tested for their effect on ADP-induced (5uM) calcium flux in the 

presence and absence of extracellular calcium. This antibody concentration was found 

to give maximum inhibition of 5uM ADP-induced aggregation in this system.

The results are shown in Tables 3.10 and 3.11.

When the experiments were performed in the presence of ImM Ca2+, each of the 

CD41/61 MAbs partially inhibited Ca2+ influx. RFGP56 and M148, the two total 

inhibitors of platelet aggregation, inhibited Ca2+ influx by 37% and 45% respectively 

compared to the normal control. The two partial inhibitors, RFGP41 and RFGP52, 

inhibited Ca2+ influx by a lesser extent (15% and 26% respectively). RFGP37, the CD42 

MAb, acted as a negative control, and had a negligible effect on ADP-induced calcium 

influx.

None of the antibodies tested inhibited Ca2+j flux in the presence of 2mM EGTA, and 

hence the absence of free extracellular calcium ([Ca2+] <  200nM), indicating that Ca2+ 

mobilisation from the internal stores was unaffected.
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l a D i e  j . i u .

The Effect of the RFG P MAbs on ADP-induced Calcium Flux 

in the  Presence of Im M  Extracellular Calcium .

(mean * sem; n =  3)

MAb [Ca2+] 1 sem nM % Inhibition

Control 820 1 1 1

M148 453 1  12 45

RFGP56 5 1 9 1  5 37

RFGP41 693 1  12 15

RFGP52 606 1  26
*

26

RFGP37 746 1  19 9

Table 3.11.

The Effect of the RFG P MAbs on ADP-induced Calcium  Influx 

in the Presence of 2mM  EGTA ( <  lOOnM Ca2+)

(mean 1  sem; n =  3)

MAb [Ca2+] 1  sem nM % Inhibition

Control 75 1 9

M148 7 8 1  16 0

RFGP56

+ 
I 

oo 0

RFGP41 00 1 
+ ►—*
 

*—
* 0

RFGP52 82 1  9 0

RFGP37 8 2 1  13 0
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3.5. Discussion.

Monoclonal antibodies binding to sites on GPIIb-IHa and GPIb were raised following 

fusion of spleen cells taken from Balb/c mice, immunised with fresh unstimulated 

platelets. The pattern of reactivity of the MAbs with a range of different cell types 

suggested that RFGP56, RFGP41 and RFGP15 were directed against sites on GPIIb-IIIa, 

RFGP52 a site on GPIIIa and RFGP37 a site on GPIb.

Platelets from patients with selective deficiencies in surface glycoprotein were used to 

identify the antigenic sites bound by each of the MAbs. RFGP56, RFGP41, RFGP52 and 

RFGP15 all failed to bind to platelets from a patients with type I GT, and hence devoid 

of GPIIb-IIIa, but bound normally to platelets from patients with BSS. In contrast, 

RFGP37 bound normally to platelets from the patients with GT, but failed to bind to 

platelets from a patient with BSS.

GPIIb-IIIa is a heterodimeric complex, the integrity of which requires the presence of 

submicromolar concentrations of ionic calcium (Kunicki et al 1981, Brass and Joseph 

1985). Poncz et al (1987) isolated cDNA encoding GPIIb, and sequencing of the protein 

revealed that it contained four segments of 12 amino acids, comparable to the Ca2+ 

binding sites of calmodulin and troponin. These workers suggested that Ca2+ ions bound 

to these sites may maintain the GPIIb conformation, such that it interacts with GPIIIa. 

Treatment of platelets with the Ca2+ chelating agent, EDTA, has been shown to cause the 

complex to dissociate (Pidard et al 1986), possibly due to changes in the conformation 

of GPIIb, which may alter sites on GPIIb and also sites on GPIIIa, the tertiary structure 

of which are determined by the integrity of the complex. Whilst Western blotting studies 

showed that the MAbs bound to sites on the GPIIb-IIIa complex (RFGP56, RFGP41 and 

RFGP15) or on GPIIIa (RFGP52) the binding of each was dependent on complex- 

conformation or Ca2+ bonds. The binding of RFGP37 was unaffected by EDTA- 

treatment, consistent with the lack of Ca2+ binding domains on GPIb-IX complex

The platelet specificity of these MAbs was confirmed by their failure to bind to 

peripheral blood lymphocytes or granulocytes, the T cell lines, Molt3/4 or JM-1 or to the
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B cell lines, RAJI, Daudi or Nalm6. All MAbs, however, reacted with a proportion of 

peripheral blood monocytes. Expression of platelet-associated antigens on monocytes has 

been described previously and it was originally considered that these cells may actively 

synthesise and express a GPIIb-HIa-like molecule on the cell surface (Gogstad et al 1983, 

Bai et al 1984). More recently, anti-monocyte reactivity has been attributed to platelet 

fragments or whole platelets adherent on the monocyte surface. Using electron 

microscopy, Breton-Gorius et al (1987), observed a punctate fluorescent pattern of 

reactivity with CD41/61 MAbs, and suggested that this was due to focal absorption of 

platelet fragments. In addition, Levine et al (1986), observed not only that macrophages 

failed to synthesise GPIIb-IIIa, but also that the level of GPIIb-IIIa reactivity directly 

correlated with the level of platelet contamination in the preparation.

The synthesis of platelet GPIIb and GPIIIa has been shown to be directed by different 

species of mRNA; the two molecules associating into a complex in the Golgi apparatus 

before delivery into the plasma membrane (Bray et al 1986, Silver et al 1987). The 

erythroleukaemic cell line, HEL, has also been shown to synthesise the GPIIb-IIIa 

complex, the expression of which is up-regulated on treatment of this cell line with TPA 

(Tabilio et al 1984). Reactivity of RFGP56, RFGP41, RFGP15 and RFGP52 with this 

cell line, and their enhanced binding following TPA-induction, added further evidence 

to suggest that these antibodies were directed against sites on the GPIIb-IIIa complex. 

HEL cells have also been clearly demonstrated to express a surface antigen related to 

GPIb, which is incompletely glycosylated (Kieffer et al 1986 and 1988^, this antigen is 

only expressed on the cell surface membrane in response to TPA-induction. The 

observation that RFGP37 failed to bind to the untransformed cells, but did bind to TPA- 

treated cells added further evidence to suggest a specific reactivity with GPIb.

K562 cells can be induced to express a molecule immunologically identical to the GPIIIa 

chain of platelets (Tabilio et al 1983, Silver et al 1987, Papayannopoulou et al 1987). 

From immunoprecipitation studies, Gewirtz et al (1982) suggested that this GPIIIa may 

be complexed to a second protein of a similar molecular weight to GPIIb. However, this 

molecule has been shown to be immunologically unrelated to platelet GPIIb (Tabilio et 

al 1983, Tetteroo et al 1984, Kieffer et al 1986 and 1988). Analysis of RFGP MAb

122



binding to this cell line after TPA-treatment permitted the ’dissociation’ of GPIIb 

expression from that of GPIIIa. Only one MAb, RFGP52, bound to TPA-induced K562 

cells, suggesting that this MAb was directed against GPIIIa.

Western blot analysis revealed that RFGP56, RFGP41 and RFGP15 bound to proteins of 

apparent molecular weights 110 kDa and 125 kDa under reducing conditions, again 

indicative of reactivity with complex-specific sites on GPIIb-IIIa. RFGP52, however, 

only recognised the protein of molecular weight 95 kDa under non-reducing conditions, 

confirming a specific reactivity with GPIIIa. RFGP37 failed to react with Western blots, 

possibly due to denaturation of the site recognised by this antibody.

Several CD41 and CD61 MAbs have been described which are capable of inhibiting 

platelet aggregation and secretion (Bennet et al 1983, Di Minno et al 1983b, McEver et 

al 1983, Jones et al 1984). These MAbs have been found to bind to a site, occupancy 

of which prevents fibrinogen binding, and so prevents aggregation for which fibrinogen 

binding is generally essential.

ADP-induced activation is dependent on Ca2+ flux (Rink et al 1982 and 1983, Haslam 

1984, McIntyre et al 1985). Calcium flux has been suggested to be mediated by the 

opening up of a ’receptor-operated Ca2+ channel’, whilst release from intracellular pools 

is mediated by hydrolysis of PIP2 (Brass and Joseph 1985). A23187 is a divalent cation 

ionophore and activates platelets by directly by allowing influx of Ca2+ and hence 

increasing the [Ca2+1 which subsequently activates PLA2 (Kaibuchi et al 1983), 

generating TXA2 and allowing further Ca2+ entry and phospholipid turnover (Siess et al 

1983). A23187-induced platelet activation is dependent on ADP and the cyclooxygenase 

pathway. Platelet aggregation induced by ADP and A23187 was inhibited totally by 

5ug/ml RFGP56, independently of agonist concentration: a finding in common with that 

of M148. However, RFGP52 and RFGP41 were only partially able to inhibit platelet 

activation in response to these two agonists: aggregation was more successfully inhibited 

by RFGP52, a MAb with a greater inhibitory effect on Ca2+ entry. Inhibition of Ca2+ 

influx and the consequent reduction in TXA2 production may, therefore, serve to limit 

platelet aggregation in response to ADP and A23187.
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Platelet aggregation induced by 0.05u/ml thrombin was inhibited completely by all MAbs, 

the change in light transmission evidently being due to granule centralisation (Levy- 

Toledano et al 1982). Kaibuchi et al (1983) showed that low-dose thrombin-induced 

platelet activation is dependent on extracellular Ca2+, DG and IP3. Inhibition of low dose 

thrombin-induced platelet aggregation may, therefore, be due to antibody inhibition of 

Ca2+ influx. High dose thrombin-induced platelet secretion can occur in the virtual 

absence of extracellular Ca2+. Although RFGP56, RFGP41 and RFGP52 all caused an 

initial inhibition of high dose thrombin-induced aggregation, this was subsequently 

overcome, presumably by activation of a pathway largely independent of Ca2+. 

Aggregation induced by arachidonate was inhibited by RFGP56 only when this antibody 

was used at a concentration of 20ug/ml. RFGP41 and RFGP52 failed to inhibit platelet 

aggregation induced by 0.5mM arachidonate. Platelet activation induced by arachidonate 

is mediated by TXA2 generation, which in turn induces PLC activation and Ca2+ 

mobilisation from internal stores. In general TXA2 generation requires membrane 

perturbation, though high concentrations of arachidonate can generally bypass this 

requirement.

Platelet aggregation in response to adrenaline differs from the responses induced by the 

majority of platelet agonists, in that shape change is absent and the initial phase of 

platelet aggregation is generally irreversible (Scrutton and Wallis 1981). In contrast to 

ADP, there is no clear evidence implicating a role for Ca2+ and/or 1,2-diacyl glycerol 

in adrenaline-induced signal transduction (Brydon 1984).

It was interesting to note that ADP-induced aggregation was more successfully inhibited 

by RFGP52 than RFGP41, but aggregation induced by adrenaline more effectively 

inhibited by the latter antibody. ADP-induced activation was more strongly inhibited by 

those MAbs with a greater inhibitory effect on ADP-induced Ca2+ flux (RFGP56 >  

RFGP52 > RFGP41), suggesting that inhibition of Ca2+ entry may, in part, have a role 

in preventing platelet activation in response to this agonist. Increases in intracellular 

calcium can lead indirectly to exposure of the fibrinogen receptor, via stimulation of the 

thromboxane pathway and perhaps by increasing PLA2 activity (Shattil and Brass 1987). 

Inhibition of Ca2+ influx may lead to inhibition of fibrinogen receptor exposure and hence 

inhibition of fibrinogen binding, for which, as previously stated, platelet aggregation is 

generally essential.
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The different inhibitory effects of MAbs to different agonists may reflect the mechanism 

by which each agonist induces a conformational change in the GPIIb-IIIa complex. 

Binding of the antibody may prevent exposure of the fibrinogen receptor, and/or sterically 

inhibit fibrinogen binding. This will be discussed later in Chapter 6.

The inhibition of Ca2+ flux by CD41 MAbs has been postulated to be due to steric 

hindrance, impeding the closely related Ca2+ channel (Powling and Hardisty 1985), as 

the Ca2+ flux is normal in GT patients (deficient in the GPIIb-IIIa complex), and 

unaffected by CD41 MAbs. The observation that F(ab)2 fragments of M148 failed to 

inhibit Ca2+ flux but were still inhibitory to fibrinogen binding, ruled out the possibility 

that fibrinogen binding itself effected the Ca2+ influx. It has since been found that RGD- 

containing peptides, GRGDSP and GRGDS (Yamaguchi et al 1987), display a greater 

inhibitory effect on Ca2+ flux than the CD41/61 MAbs tested, suggesting a more direct 

involvement of the fibrinogen binding site than the steric effect suggested by Powling and 

Hardisty (1985). It may indeed be possible that fibrinogen may actually down-regulate 

Ca2+ influx. Recent observations, using the calcium probe, aequorin, have demonstrated 

two distinct phases of Ca2+ entry in response to ADP (Favier et al 1990), the second 

phase being reduced when fibrinogen was omitted and was absent in GT platelets. If 

fibrinogen does in some way down-regulate the second calcium rise, it must be mediated 

by some other platelet-platelet interaction in primary aggregation. It would be interesting 

to know the effect of CD41/61 MAbs or RGD peptides on Ca2+ entry, using the more 

sensitive aequorin Ca2+ probe.
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The Fourth International Workshop on Leucocyte Differentiation Antigens was held in 

February 1989 in Vienna. Uncharacterised and previously characterised MAbs were 

submitted by a number of laboratories from throughout the world and aliquots of each 

were sent to the workshop participants for analysis. The aim of the workshop was to 

determine the cellular distribution of the antigens and the specificity of the different 

antibodies. From this data, antibodies could be allocated to previously defined groups, 

or clusters of differentiation (CD). Some MAbs were described with novel phenotypic 

characteristics - where two or more such MAbs were identified, new CD numbers were 

ascribed.



4. Characterisation of the Monoclonal Antibodies from the Fourth
International Workshop of Leucocyte Differentiation Antigens.

v
Participation in the Fourth International Differentiation of Antigens Workshop allowed 

the analysis of 74 anti-platelet antibodies from the platelet panel; a total of 107 

antibodies. Each antibody was assigned a code number, prefixed with the letter P. All 

antibodies were tested for reactivity with a number of different target cells to determine 

antigenic specificity, antibody binding being detected by flow cytometry.

Those MAbs recognising antigens present on the platelet surface were tested for their 

effects on platelet function.

4.1 Cellular Reactivity.

Flow cytometry was carried out according to the guidelines specified by the workshop. 

PRP was prepared and the platelet count adjusted to 4 x 108/ml with autologous plasma. 

50ul of PRP was incubated with 50ul of a 1/200 dilution of antibody under test for 30 

minutes at 4°C. Unbound antibody was removed by washing in PBS-A. Antibody 

binding was detected with a second fluorescein-conjugated, F(ab)2  polyclonal antibody 

raised to both mouse and rat Ig (Tago Culture Services Ltd, Slough, Berkshire). 

Monoclonal antibodies that bound only weakly to target cells were retested at higher 

antibody concentrations.

Antibodies which consistently failed to bind to platelets were not studied further.

The results of these studies are summarised in Table 4.1, which shows isotype and 

species data, supplied by the participants: the reactivity with peripheral blood platelets 

and leucocytes was determined from this study.

4.1.1. Reactivity with normal platelets and with platelets from patients with 

Glanzmann *s thrombasthenia and EDTA-treated platelets.

Twenty one MAbs were identified as being directed against epitopes on the GPIIb-IIIa 

complex, by virtue of their binding to normal platelets, but greatly reduced binding to 

platelets from a patient with Glanzmann’s thrombasthenia. Immunoprecipitation studies 

carried out by other participants in the workshop sub-divided CD41/61 MAbs into those
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binding to sites on the GPIIb-IIIa complex (CD41c), on GPIIb (CD41 lib) or on GPIIIa 

(CD61).

EDTA-treatment abolished the sites recognised by fifteen of the twenty-one CD41/61 

MAbs, but only partially reduced the binding of the other six CD41 MAbs. All MAbs 

that failed to bind to EDTA-treated platelets also failed to bind to the dissociated complex 

in immunoprecipitation studies.

Several other MAbs had strong reactivity with normal platelets and platelets from a 

patient with Glanzmann*s thrombasthenia and antibody binding was unaffected by EDTA- 

dissociation of the GPIIb-IIIa complex. These MAbs were classified in the workshop as 

CD42 (14 MAbs), anti-HLA-class I (2 MAbs), CD9 (15 MAbs), CD36 (6 MAbs), CD29 

(1 MAb), CDw49b (2 MAbs), CD47 (MAbs), CDw60 (1 MAb), CDwl7 (2 MAbs), 

CD31 (6 MAbs) and one as yet unclustered MAb. Two MAbs directed against CD49b 

and CD49f, CLB-thromb/4 (P73) and GoH3 (P55) respectively, bound only weakly to 

normal, EDTA-treated and GT platelets. On increasing the concentration of each of these 

two antibodies, the former MAb, CLB-thromb/4 bound >85% of platelets, however, 

GoH3 consistently bound between 42-47% of platelets, regardless of antibody 

concentration.

The reactivity of the anti-platelet antibodies with peripheral blood leucocytes (4.1.2) and 

with a panel of lymphoblastoid cell lines (4.1.3) showed a heterogeneous reactivity with 

the target cells within some of the clusters, as described below.

4.1.2. Reactivity o f anti-platelet monoclonal antibodies with peripheral blood 

leucocytes.

Peripheral blood leucocytes were separated from whole blood using the ammonium 

chloride lysis method and antibody binding assessed using the indirect fluorescence 

method and analysed by flow cytometry, as described in 3.3.2. Although each of the 

monoclonal antibodies in the platelet panel was tested against peripheral blood leucocytes 

(see Table 4.1), only those with anti-platelet activity will be discussed here.
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CD41, CD61 and CD42 MAbs:

The CD41, CD61 and CD42 MAbs did not bind significantly to peripheral blood 

lymphocytes or granulocytes. The majority, however, bound to a proportion of 

monocytes, attributed to adherent platelets or platelet particles on the monocyte surface 

membrane, as discussed previously (3.5). One CD42 MAb, GS15 (P014), however, 

bound to a subpopulation of lymphocytes (40%) and the majority of monocytes (70%).

CD9 MAbs:

A heterogeneity in leucocyte reactivity was detected, suggesting the existence of four 

CD9 subgroups.

Almost half (7/15) of CD9 MAbs failed to bind to lymphocytes and granulocytes, but 

reacted with a subpopulation of monocytes.

Five MAbs bound strongly to monocytes but also bound to a subpopulation of 

lymphocytes.

MB 16 (P069) reacted strongly with monocytes and also bound to a subset of 

granulocytes.

Two monoclonal antibodies, PM6/248 (P085) and BU-16 (P101), however, had a strong 

reactivity with monocytes and weak anti-lymphocyte and granulocyte reactivity.

The sample containing PM6/248 was subsequently found to be contaminated with a CD41 

MAb.

CD36 MAbs:

Five MAbs were grouped in the CD36 cluster. All bound strongly to peripheral blood 

monocytes, but a variable pattern of reactivity was seen in their binding to lymphocytes 

and granulocytes. As with the CD9 cluster, subgroups were detected:

Three monoclonal antibodies, SMO (P042), 5F1 (P076) and CB38 (P106) bound to 

peripheral blood monocytes but failed to bind to lymphocytes; TP85 (P052) and ESIVC7 

(P058) bound weakly to lymphocytes in addition to monocytes and CLB HEC/75 (P070) 

also bound to a subpopulation of lymphocytes and granulocytes.
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Table 4.1.

Phenotypic analysis of MAbs from the Fourth International Differentiation of

Leucocyte Antigen Workshop.
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4.1.3. Reactivity o f proaggregatory anti-platelet monoclonal antibodies with 

lymphoblastoid cell lines.

The binding of proaggregatory MAbs (see section 4.3) to a panel of lymphoblastoid cell 

lines: RAJI, Daudi, Nalm-6 and Molt3/4 was used to group the MAbs into CD41 or 

CD9 clusters. This study was carried out prior to knowing the CD classification of each 

antibody, assigned from the cumulative results of the workshop. In this way MAbs were 

identified binding to GPIIb-IIIa and CD9: antibodies were also identified binding to the 

CD36 antigen and the platelet HLA-class-I molecule with proaggregatory activity. The 

results are summarised in Table 4.2.

As with peripheral blood leucocytes a heterogeneity in cell line reactivity was detected 

with the CD9 group. The reactivity of each antibody cluster with each of the cell lines 

is listed below.

Proaggregatory CD41 MAbs failed to bind to any of the cell lines tested.

Of the eight proaggregatory CD9 MAbs tested, five bound to the Molt3/4 and Nalm-6 

cell lines but not to the B-lymphoblastoid cell lines, Daudi and RAJI. Two CD9 

antibodies, GR2110 (P094) and FMG 56 (P082) bound only weakly to Molt3, as 

indicated by a low mean fluorescence intensity, but bound strongly to Molt4 cells. These 

two MAbs also bound weakly to the B-lymphoblastoid cell line, RAJI.

In contrast, the CD9 MAb, BU-16 (P101), bound 90% of RAJI cells, although the 

pattern of reactivity with the other cell lines studied was similar to that of other CD9 

MAbs.

The proaggregatory CD36 MAb, ESIVC7 (P058) recognised Naim 6 and Molt3/4 cells 

but not Daudi or RAJI, a similar pattern of reactivity to that of the CD9 MAbs. This 

antibody, however, bound only weakly to Molt3 and 4 cells; antibody binding measured 

both as the percentage of platelets positive and the MFI was much reduced.

The anti-HLA class I MAb, MB22 (P061), bound each cell line tested, with the exception 

of the HLA class-I negative cell line Daudi.
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Table 4.2.
Cellular Reactivity of Proaggregatory MAbs with Human Lymphoblastoid 

Cell Lines.

MAb % Cells Positive

Nalm-6 RAJI Daudi Molt3 Molt4

CD9

PHN200 100 5 19 100 79

PHN33 100 4 3 100 95

1AA.H9 100 3 3 100 85

MB16 100 6 7 99 97

MFC56 100 67* 10 51 97

MM2/356 100 4 4 97 94

GR2110 100 77* 3 56* 95

BU-16 100 90* 2 90 79

CD36

ESIVC7 98 23 5 61* 45*

HLA class I

MB22 100 100 2 99 99

* Weak Mean Fluorescence Intensity.
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4.2. The Effects o f Monoclonal Antibodies from the Fourth International Workshop of 

Leucocyte Differentiation Antigens on Platelet Aggregation.

The anti-platelet antibodies were tested for their effect on platelet function, either when 

incubated with platelets in the absence of agonists or in response to ADP, collagen or 

ristocetin. Sites were identified on GPIIb-IIIa, CD9 antigen and GPIb of importance in 

inhibiting or promoting platelet aggregation, in addition other sites were identified on 

CD36 and the HLA class-I molecule associated with effects on platelet function.

MAbs were diluted 1:10 and dialysed against PBS over two days with several changes 

of buffer to remove azide, which may interfere with the antibodies’ functional effects. 

Functional studies were performed with a final concentration of 1:100 dialysed antibody.

4.2.1. MAbs that inhibit ADP- and Collagen-induced aggregation.

Fourteen of the twenty-one CD41/61 MAbs inhibited platelet aggregation, induced by 

ADP and/or collagen, as shown in Table 4.3. A heterogeneous pattern of inhibition was 

detected. Three MAbs, LO-PL3b (P004), HIP8 (P038) and CLB-thromb/1 (P056), 

totally inhibited platelet aggregation and ATP-secretion induced by ADP (2 - 5uM) and 

collagen (0.5 - lug/ml), and inhibited the second phase of aggregation induced by 

ristocetin (1.25mg/ml). They had no effect however, on ADP-induced shape change. 

Their effects on platelet aggregation were essentially identical to those produced by 

RFGP56 and M148.

Eleven MAbs caused only a partial and variable inhibition of ADP- and collagen-induced 

platelet aggregation and secretion. Three of these, Y2/51 (P036), MM2/57 (P084), and 

VI-PL2 (P083), totally inhibited collagen-induced aggregation, partially inhibited the rate 

of ADP-induced (2uM) aggregation and strongly inhibited second phase ristocetin-induced 

(1.25ug/ml) aggregation (75-100%), however, neither these nor other partial inhibitors 

were able to inhibit collagen-induced secretion totally.

Seven MAbs had a similar effect on platelet aggregation induced by ADP, preventing 

second phase aggregation, although their effects on ADP-induced secretion were highly
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variable. Two MAbs, 104-13 (P098) and VI-PL2 (P083), abolished secretion induced 

by this agonist and a further two, PL164-A101 (P021) and PL273-A1 (P022) inhibited 

secretion by about 80%. PBM6.4 (P007) and MM2/57 (P084), however, were only 

weakly inhibitory, inhibition of secretion being respectively 35% and 10%. BL-E6 

(P101) was not tested for its effect on secretion.

Two of the partially inhibitory MAbs, 11A (P008) and H7 (P012), which fully inhibited 

ADP-induced secretion, were also found to elicit a partial and incomplete aggregatory 

response in the absence of any other agonist. Both antibodies partially inhibited (55% 

and 65%) collagen induced secretion. Their proaggregatory effects will be detailed in 

section 4.3.

4.2.2. MAbs that inhibit Ristocetin-induced agglutination.

Fourteen monoclonal antibodies were directed against GPIb. Nine of these MAbs 

inhibited ristocetin-induced agglutination,five totally and four partially (Table 4.4). A 

mild inhibition of ADP-induced aggregation (<20% ) was also detected with many CD42 

MAbs, but inhibition of collagen-induced aggregation was less common. HIP1 (P38), 

however, was found to inhibit collagen-induced aggregation by about 60%.
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4.2.5. Proaggregatory MAbs.

Fifteen proaggregatory MAbs were identified. Six MAbs were directed against sites on 

either the GPIIb-IIIa complex or on GPIIb, and seven MAbs against the CD9 antigen. 

One MAb bound to the CD36 antigen and one the HLA-class I molecule.

CD41 MAbs:

Three distinct patterns of aggregation induced by CD41 MAbs were identified, illustrated 

in Figure 4.1.

One MAb (CLB-thromb/7; P060) induced a rapid, total aggregation and a rapid Ca2+ flux 

and ATP release with no lag (Fig 4.1a).

Three MAbs induced a slow but complete aggregation (Figure 4. lb): PL249-A19 (P020), 

TP80 (P049) and MB32 (P062). Aggregation was accompanied by Ca2+ mobilisation 

from internal stores, Ca2+ influx and ATP secretion after a variable lag period. This lag 

was inversely proportional to the concentration of MAb added, but was never eliminated, 

even when very high concentrations of MAb were used.

Two MAbs, 11A (P008) and H7 (P012), induced a shape change followed by weak 

aggregatory response, without Ca2+ flux or ATP secretion (Figure 4.1c). As discussed 

previously these two MAbs also partially inhibited aggregation induced by ADP and 

collagen, and totally inhibited secretion mediated by ADP.

CD9 MAbs:

Ten out of the fifteen CD9 MAbs promoted platelet aggregation. Many CD9 MAbs, 

including five proaggregatory MAbs and four MAbs with no effect on platelet function,
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caused direct lysis of platelets when aggregometry was performed in PRP. These MAbs 

were subsequently retested using washed platelets. This finding was observed with a 

higher proportion of CD9 MAbs than that seen in any of the other of the CD clusters. 

Seven of the ten proaggregatory CD9 MAbs were studied in more detail; these fell into 

two distinct groups: Six of the proaggregatory CD9 MAbs, PHN200 (P011), PHN33 

(P015), 1AA2.H9 (P032), MB16 (P069), FMC56 (P082) and GR2110 (P094) induced 

an immediate, rapid, total aggregatory response, associated with Ca2+ flux and ATP 

secretion, while one BU-16 (P101) induced a slow aggregatory pattern, preceded by a lag 

phase proportional to the antibody concentration.

CD36 MAbs:

One of the five CD36 MAbs in the platelet panel, ESIVC7 (P058) was found to induce 

platelet aggregation. Aggregation was slow, like that of the CD9 MAb, BU-16 (PI01), 

but, unlike BU-16, only small Ca2+ transients were observed.

HLA class-I MAbs:

The HLA class 1 MAb, MB22, (P061) induced platelet aggregation after a considerable 

lag of greater than 5 minutes.

4.2.4. Inhibition o f Platelet Aggregation induced by CD41, CD9 and CD36 MAbs

In order to investigate the mechanisms by which CD41, CD9 and CD36 MAbs promote 

platelet aggregation, the effects of the following inhibitors of platelet aggregation were 

assessed: M148 (an MAb which blocks the fibrinogen receptor), indomethacin (a blocker 

of the thromboxane pathway) and chelation of extracellular Ca2+ by addition of 2mM 

EGTA. Platelets were incubated for 2 minutes (M148 and EGTA) and 10 minutes 

(indomethacin), prior to challenge with representative proaggregatory MAbs.
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Aggregation, secretion and Ca2+ flux induced by CLB-thromb/7 (P060, a CD41 complex- 

specific MAb) was totally blocked by all three inhibitors (Figure 4.2).

CD9-induced aggregation, induced by PHN33 (P015) was fully inhibited by M148 and 

EGTA, but not by the thromboxane inhibitor, indomethacin. Secretion was totally 

inhibited by M148 but only partially inhibited by EGTA and indomethacin. The CD9- 

associated Ca2+ flux was greatly reduced on pre-incubation of platelets with M148, but 

never abolished: depletion of extracellular Ca2+ on addition of EGTA or inhibition of the 

cyclooxygenase pathway also partially inhibited the CD9-induced Ca2+ flux. The results 

are summarised in Figure 4.2.

The pattern of inhibition of the CD36 MAb was very similar to that of the CD9 MAb, 

except that the weak Ca2+ flux induced by this antibody was abolished by M148.

Inhibition o f CD41-, CD9- and CD36-MAb induced Platelet Aggregation by the CD41/61 

RFGP MAbs:

The effect of the inhibitory CD41/61 RFGP MAbs on aggregation induced by the 

proaggregatory MAbs was also assessed. PRP was pre-incubated with 5 - lOug/ml 

inhibitory MAbs two minutes prior to challenge with the proaggregatory MAb under test.

As with M148 in the previous study, RFGP56 totally inhibited platelet aggregation and 

secretion induced by proaggregatory CD41, CD9 and CD36 MAbs (Figures 4.3 and 4.4), 

reflecting the marked similarity between these two antibodies. Differences in inhibition 

of CD41 MAb-induced platelet activation were detected with platelets pre-incubated with 

RFGP41 and RFGP52 (Figure 4.3). Aggregation in response to the CD41 MAbs, CLB- 

thromb/7 (P060) and P256 was significantly reduced in the presence of RFGP52. A 

small residual change in light transmission (10 - 20%) was detected, not accompanied 

with secretion and may reflect platelet agglutination.

Whilst RFGP41 totally inhibited platelet aggregation and secretion induced by the 

complex-specific CD41 MAb, CLB-thromb/7, in response to the CD41 (lib) MAb, P256, 

aggregation proceeded after an initial lag. Aggregation induced by this antibody could 

not be inhibited on raising the concentration of RFGP41 to 20 or 40ug/ml.
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Both RFGP41 and RFGP52 totally inhibited CD9- and CD36-induced platelet aggregation 

(Figure 4.4).
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Figure 4.3.

Typical aggregatory tracings showing the effect of RFGP MAbs on platelet 
aggregation and secretion induced by CD41 (complex-specific and GPIIb) 
MAbs.
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Figure 4.4.

Typical aggregometry tracings showing the effect of RFGP MAbs on platelet 
aggregation and secretion induced by CD9 and CD36 MAbs.
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4.3. Discussion.

MAbs from the Fourth International Workshop were identified by their characteristic 

reactivity with peripheral blood cells and with a panel of cell lines of known antigenic 

specificity.

The majority of MAbs directed against sites on GPIIb, GPIIIa and the GPIIb-IIIa complex 

inhibited platelet aggregation. All but one of the total inhibitors bound to complex- 

specific sites. The exception, CLB-thromb/7, bound to a site on GPIIIa but the binding 

of this MAb, like that of the complex-specific inhibitory MAbs, was abolished following 

treatment with EDTA, suggesting that all total inhibitors bound to calcium/conformation- 

dependent sites.

Favier et al (1989b), also a participant in the Fourth International Workshop, observed 

that the most inhibitory antibodies she detected were directed against sites on GPIIIa, a 

finding not supported here. In Favier’s study, however, CD41/61 MAbs were identified 

by means of Western blot analysis and MAbs failing to bind in this assay were not 

analysed for their effects on platelet function. Six CD41/61 MAbs failed to react with 

platelet antigens separated on SDS-PAGE/Westem blotting and were therefore not tested 

in the functional studies, but of these five, were directed against complex-specific sites.

Two of these complex-specjfic-MAbs, LO-PL3b (P004) and HIP8 (P038) totally and 

three, 96-5C3 (P081), 140-13 (P098)Nand MM2/57 (P084), partially inhibited platelet ' 'i(> ’ 

aggregation. The final MAb^-BL^ES (PI07), a partial inhibitor of aggregation, bound to 

a site on GPIIIa. Failure to detect many complex-specific MAbs may therefore be 

accounted for by the initial screening protocol applied: conformation-dependent sites 

perhaps being more susceptible to disruption during blotting and hence MAbs binding to 

these sites less easily detected. In our own Western blotting studies with the RFGP 

MAbs, no antibody binding was detected unless blots were renatured with 5M Urea.

Effect of EDTA-Treatment on CD41/61 MAbs binding to GPIIb-IIIa:

EDTA-treatment of platelets identified those MAbs binding to Ca2+-dependent or 

conformation-dependent sites on GPIIb-IIIa, whilst immunoprecipitation, carried out by
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other participants in the workshop, identified sites on the intact GPIIb-IIIa complex, 

GPIIb or GPIIIa. Whilst all complex-specific sites are probably conformation/calcium 

dependent, not all conformation/calcium-dependent MAbs are directed against the 

complex. Distinct patterns of reactivity with EDTA-treated platelets were seen within 

the CD41/61 group, as shown in Table 4.5.

All MAbs that totally inhibited platelet aggregation, whether complex-specific or directed 

against a site on GPIIIa, were exquisitely dependent on the conformation of the GPIIb- 

IIIa complex: a similar effect was also seen with the proaggregatory MAbs, suggesting 

that these antibodies bound to Ca2+-dependent and/or complex conformation-dependent 

sites.

Inert MAbs or those which exerted only a partial inhibitory effect were all demonstrated 

to have reduced binding on treatment of platelets with EDTA, though binding was only 

abolished in a proportion of them, as described below.

MAbs binding to sites on GPIIb fell into three distinct groups on the basis of functional 

studies: proaggregatory, partially inhibitory and inert MAbs; no CD41 (lib) MAbs gave 

total inhibition. Whilst the sites recognised by the proaggregatory CD41 (lib) MAbs 

were totally dependent on complex/Ca2+ integrity, as discussed previously, the binding 

of those with a partial inhibitory effect on platelet aggregation or which had no effect on 

platelet aggregation was only partially reduced, suggesting that they did not bind to 

wholly Ca2+ or complex-dependent sites.

Of the four partially inhibitory CD61 MAbs, two were totally and two were only partially 

dependent on complex-conformation.

Fifteen MAbs were identified from the Fourth International Workshop which directly 

promoted platelet aggregation and these fell into one of the two main clusters already 

described. The majority of proaggregatory MAbs were CD9 or CD41 MAbs, but two 

further proaggregatory MAbs were identified, binding to sites on CD36 and the HLA- 

class I antigen. Several differences have been observed between the mechanisms by 

which CD41 and CD9 (and CD36) MAbs induce a proaggregatory effect, although all, 

whether fast or slow aggregators in our classification, were found to promote aggregation
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Table 4.5.

The Effect of EDTA-Treatment on the Binding of CD41 and CD61 MAbs to 
GPIIb-IIIa.

Immunoprecipitation Binding to EDTA-treated platelets

Criteria (Workshop) Abolished Reduced

MAb Effect MAb Effect

on Function on Function

Complex specific LO-PL3b Total Inhibition

HIP8 Total Inhibition

CLB-thromb/7 Proaggregatory

PBM6.4 Partial Inhibition

96-5C3 Partial Inhibition

H7 Partial Inhibition

104-13 Partial Inhibition

MM2/57 Partial Inhibition

PL273-A1 Partial Inhibition

GPIIb PL249-A19 Proaggregatory PL64-A101 Partial Inhibition

TP80 Proaggregatory 11A Partial Inhibition

MB32 Proaggregatory HIP2 No effect

GPIIIa CLB-thromb/1 Total Inhibition Y2/51 Partial Inhibition

BL-E6 Partial Inhibition VI-PL2 Partial Inhibition

KEY.
Total Inhibition refers to aggregation induced by either ADP or collagen 

Partial Inhibition refers to aggregation induced by either ADP and/or collagen 

Proaggregatory, MAb directly initiates platelet activation
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in a concentration-dependent manner. Aggregation induced by the HLA-class I MAb was 

complete but slow.

Aggregation induced by CD41 MAbs fell into one of three main patterns: the majority 

(four MAbs) initiated a slow aggregatory response, one a rapid aggregometry response 

and two a partial aggregatory response. In our studies aggregation was only sometimes 

preceded by a shape change, although other authors found aggregation induced by these 

antibodies was always preceded by a shape change (Lecompte et al 1990), this may be 

due to differences in antibody concentration.

CD41 MAbs failed to elicit a proaggregatory response in the virtual absence of 

extracellular calcium, when the thromboxane pathway was inhibited or when fibrinogen 

binding was blocked, in agreement with the findings of Favier et al (1989a). However, 

it cannot be ruled out that very low levels of Ca2+ mobilisation were initiated in response 

to CD41 MAbs, below the level of detection in this system.

The majority of CD9 MAbs induced an immediate rapid proaggregatory response 

preceded by a concentration-dependent lag only at low antibody concentrations. One 

MAb, BU-16, induced a slow aggregatory pattern, preceded by a lag even at high 

concentrations of antibody. In contrast to CD41 MAbs, CD9 MAbs were able to initiate 

mobilisation of calcium from internal stores when fibrinogen binding was inhibited or 

when the thromboxane pathway was blocked. Secretion was reduced but not abolished 

by inhibition of the thromboxane pathway but secretion was abolished when the 

fibrinogen receptor was blocked. These findings are supported by Carroll et al (1990) 

and Favier et al (1990) but not by Hato et al (1990) who showed no aggregation under 

conditions when the thromboxane pathway was inhibited. It is possible that the 

discrepancies between the results of Hato et al (1990) and Carroll et al (1990) and Favier 

et al (1990) may be due to differences in antibodies used and/or differences in antibody 

concentrations.

From studies with M148 (the inhibitor of fibrinogen binding), EGTA and indomethacin, 

the mechanism of CD36-induced platelet aggregation was found largely to resemble that 

of CD9 MAbs. However, when the fibrinogen receptor was blocked, using M148, the
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much weaker Ca2+ influx induced by this antibody was inhibited.

Taken together these results suggest that whilst thromboxane generation is a prerequisite 

for CD41-induced aggregation, it is not the sole mechanism involved in CD9-induced 

(and possibly CD36-induced) aggregation. The observation that calcium mobilisation is 

potentiated, albeit reduced, when the thromboxane pathway is blocked or when fibrinogen 

binding is inhibited suggests that signal transduction mediated by CD9 binding may lead 

to diacyl glycerol formation and ultimately protein kinase C activation. CD41 MAbs 

may, however, act only through the thromboxane pathway, generated by elevated 

cytosolic Ca2+ levels and/or fibrinogen receptor exposure.

Platelet activation induced by CD41 MAbs have been shown to be at least partly 

dependent on Fc gamma RII interactions. Morel et al (1989) showed that platelet 

aggregation induced by PL2-49 was totally dependent on Fc gamma RII interactions as 

F(ab)2 fragments of the antibody failed to promote platelet aggregation and Favier et al 

(1990) showed subsequently that platelets pre-incubated with the MAb to the Fc gamma 

RII receptor, IV-3, also failed to activate in response to this MAb. In contrast F(ab)2 

fragments of two further CD41 MAbs, 6C9 and P256, have been reported to induce a 

much reduced aggregatory response (Modderman et al 1988, Bachelot et al 1990). The 

residual proaggregatory response induced by F(ab)2 fragments of these MAbs has been 

suggested to be a result of agglutination. However, it is also possible that this partial 

aggregation may be due to cross-linking of sites either within the GPIIb-IIIa complex or 

between complexes on the same platelet, causing a conformational change and exposing 

the fibrinogen binding domain.

Recently, it has been suggested that platelet activation induced by CD9 MAbs is also 

mediated by the binding of the Fc domain with the platelet Fc gamma RII receptor, and 

that this interaction (possibly enabled by a conformational change in the CD9 molecule) 

plays a role in the signal transduction through the membrane as platelets incubated with 

F(ab)2 fragments of CD9 MAbs were unable to trigger platelet activation (Boucheix et 

al 1983, Miller et al 1986). A similar activation mechanism has been described for B 

lymphocytes (Sinclair and Panoskaltis 1987). Further evidence to suggest a role for Fc 

gamma RH-antibody interactions has recently been adduced by Worthington et al (1990)
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and Favier et al (1990) who showed that platelet activation induced by CD9 MAbs can 

also be blocked totally on incubation with IV-3, the anti-Fc gamma RII MAb.

All the MAbs studied which promoted platelet activation directly (and for which 

antibody isotype information was available) were found to be of the IgGl subclass. This 

finding was in line with that reported in the current literature; the majority of 

proaggregatory CD41 MAbs (Moddermann et al 1988, Stuttle et al 1988, Morel et al 

1989) and CD9 MAbs (Boucheix et al 1983, Miller et al 1986, Hato et al 1988, Jennings 

et al 1990) have been shown to also be of the IgGl subclass. Exceptions to this rule 

exist: HIP2 is a proaggregatory CD41 (Hb) MAb of the IgG3 subclass (Chen et al 1987), 

whilst the proaggregatory CD9 MAb, SOH.19, is an IgG2a (Seehafer 1988, Masellis- 

Smith et al 1990). Cross-linking of GPIIb-IIIa (or CD9/CD36) and Fc gamma RII alone 

is not, however, enough to cause full aggregation, as many CD41/61, some CD9 and 

most CD36 IgGl MAbs fail to elicit a proaggregory response and in fact many CD41/61 

MAbs actually inhibit aggregation induced by many agonists, as discussed earlier. 

Taken together, these findings suggest that the antigenic site and not the antibody subclass 

is relevant to platelet activation.

CD41/61 MAbs that inhibited platelet aggregation by agonists also inhibited CD9- and 

CD36-induced aggregation. CD41-induced aggregation, however, was only inhibited by 

totally inhibitory CD41/61 MAbs. A partial aggregatory response was seen with platelets 

pre-incubated with RFGP52, which resembled that induced when F(ab)2 fragments of 

P256 were incubated with platelets, and may be a result of the cross-linking of GPIIb-IIIa 

or agglutination. Whilst RFGP41 totally inhibited aggregation induced by the complex- 

specific CD41 MAb, P256-induced aggregation was not abolished by this antibody. This 

observation was unexpected but may be accounted for if the two antibodies (P256 and 

RFGP41) act synergistically, giving rise to a conformational change in the GPIIb-IIIa 

complex, exposing the previously cryptic fibrinogen binding site or by permitting 

interactions between the antibody and the Fc gamma RII molecule.
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5. Competitive Binding Studies with CD41 and CD61 Monoclonal Antibodies.

Competitive binding studies were performed between monoclonal antibodies raised ’in 

house’ (RFGP) and MAbs obtained from the Fourth International Workshop to identify 

sites on GPIIb-IIIa that are critical in inhibiting and inducing fibrinogen receptor 

exposure.

The RFGP MAbs, (RFGP56, RFGP41, RFGP52) and two further MAbs, P256 and 

M148 were purified and conjugated to fluorescein. The GPIb MAb, RFGP37, was also 

fluorescein-conjugated - this antibody serving as a negative control. Each FITC- 

conjugated MAb was titrated against 1 x 108 platelets, and antibody binding was assessed 

in terms of MFI. The MFI was plotted against antibody dilution and a point was chosen 

at the ’shoulder’ of the curve, as shown in Figure 5.1, to determine the optimum 

antibody concentration for use in these studies.

Competitive binding studies were performed using the direct immunofluorescence method 

described in section 2.6.1.1. Optimal concentrations of the FITC-conjugated antibodies 

were co-incubated with purified, unlabelled ’blocking’ antibodies and PRP. The latter 

antibody was titrated over a range of concentrations from 0.03 to 25ug/ml. In these 

studies the platelets were fixed with 1 % paraformaldehyde before incubation.

5.1. Competitive Binding Studies Between RFGP Monoclonal Antibodies.

Two pairs of antibodies were found to compete with each other for the same site or a 

mutually exclusive site on GPIIb-IIIa, as seen in Figure 5.2: the binding of the first pair, 

RFGP56 and M148, were totally blocked by one another, whilst the binding of the 

second pair, RFGP52 and RFGP41, were only partially inhibited by one another.

The functional effects of M148 and RFGP56 were essentially identical, both being total 

inhibitors of ADP-induced platelet aggregation; however, binding was most successfully 

inhibited by RFGP56, suggesting that this antibody was of the higher affinity. The 

binding of FITC-RFGP56 was also partially inhibited by RFGP41 (20% inhibition),
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Figure 5.1.

Titration and evaluation of FITC-conjugated RFGP MAbs, P256 and M148 
to determine optimum antibody concentration.
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although the reverse situation (ie RFGP56 inhibition of FITC-RFGP41 binding) was not 

seen, nor did RFGP41 and M l48 show any interaction.

RFGP52 and RFGP41 belonged to the heterogeneous group of MAbs which partially 

inhibited platelet aggregation and secretion in response to ADP and collagen stimulation. 

These two antibodies also competed with each other for binding, but the competition was 

not complete. RFGP41 inhibited RFGP52 binding to a greater extent than RFGP52 

inhibited RFGP41 binding.

Binding of the GPIIIa MAb, RFGP52, was also partially inhibited by the CD41 (lib) 

MAb, P256 (30%), although the reverse situation, ie RFGP52 inhibition of FITC-P256 

was not seen (see Table 5.1).

5.2. Competitive Binding Studies Between RFGP MAbs and MAbs from the Fourth 

International Workshop:

Monoclonal Antibodies from the Workshop panel were used in further competition 

binding studies. Since only small volumes of each workshop antibody were available, 

it was not possible to conjugate these antibodies to fluorochrome and they were therefore 

only used in the blocking step of the competitive binding assay.

Table 5.1, shows a summary of the inhibitory effects of each of these antibodies on the 

binding of the FITC-conjugated RFGP (and M148 and P256) MAbs together with 

interactions between the ’in house’ RFGP MAbs.

Total Inhibitors:

CD41/61 MAbs that abolished ADP- and collagen-induced platelet aggregation and 

secretion were classified as total inhibitors (see Chapter 4). Binding of FITC-RFGP56 

and FITC-M148 was totally inhibited by the two other complex-specific, total inhibitors, 

LO-PL3b and HIP8, but was unaffected by the CD61 total inhibitor, CLB-thromb/1, even 

at a dilution of 1:20 ascites.

No other MAbs, whether partial inhibitors, inert, or those which directly induced platelet 

aggregation, competed for the same site as that recognised by RFGP56 and M148.
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Partial Inhibitors:

As RFGP52 and RFGP41 competed for closely associated antibody binding sites, it was 

expected that RFGP41 and RFGP52 would be blocked by the same MAbs. This was true 

only in part. Two MAbs, BU-E6 and PBM 6.4 partially blocked FITC-RFGP41 binding: 

RFGP41 binding was most successfully blocked by the former MAb (40% inhibition). 

The binding of FITC-RFGP52, however, was abolished by this antibody (BU-E6) but 

only partially blocked by PBM6.4 (65%), suggesting RFGP52 shared epitope homology 

with the former but not the latter MAb. Binding of FITC-RFGP52 but not FITC- 

RFGP41 was also slightly inhibited (to 10 to 15%) by three further MAbs, 96-5C3, VL- 

PL2 and PL164-A101. From Table 5.1, it is evident that RFGP52 binding is inhibited 

by antibodies that recognise sites on GPIIb, GPIIIa and the GPIIb-IIIa complex.

In general, FITC-RFGP41 binding was blocked to a lesser extent and with fewer MAbs 

than FITC-RFGP52.

The majority of the inhibitory monoclonal antibodies, whether partial or total inhibitors, 

failed to compete significantly with P256, the CD41 (lib) MAb whether directed against 

sites on GPIIb, GPIIIa or the GPIIb-IIIa complex.

Proaggregatory MAbs:

CD41 MAbs that cause platelet aggregation were directed against either the GPIIb-IIIa 

complex or GPIIb. Only one MAb, CLB-thromb/7, was able to inhibit P256 binding, 

and this antibody was found to be directed against a complex-specific site. Inhibition of 

binding was not complete, suggesting that they did not share exact epitope homology. 

None of the other CD41 (lib) proaggregatory MAbs were found to have an effect on 

P256 binding, suggesting the presence of more than one site on GPIIb which was able 

to promote platelet activation.

The binding of FITC-RFGP37, the anti-CD42 MAb, was unaffected by any of the 

CD41/61 MAbs (data not shown).
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Table 5.1.

Percent Inhibition of FITC-conjugated RFGP MAb Binding by Unlabelled CD41/61 

MAbs.

MAb M148 RFGP56 RFGP41 RFGP52 P256 Binds to

Total Inhibitors 

M148 72 94 0 0 0 complex

RFGP56 94 95 0 0 ND complex

LO-PL3b 79 82 ND ND ND complex

HIP8 90 98 ND ND ND complex

CLB-thromb/1 0 0 52 93 ND GPIIIa

Partial Inhibitors

RFGP41 0 0 100 100 0 complex

PBM6.4 ND 0 15 65 ND complex

PL273-A1 ND 0 0 7 ND complex

96-5C3 ND 0 0 15 ND complex

MM2/57 ND 0 2 4 ND complex

RFGP52 0 0 92 (g) 0 GPIIIa

Y2/51 ND 0 4 0 ND GPIIIa

BL-E6 ND 0 40 96 ND GPIIIa

VL-PL2 ND ND 0 15 ND GPIIIa

PL164-A101 ND 0 0 10 0 GPIIb

11A ND ND 0 0 0 GPIIb

Proaeereeatorv

CLB-thromb/7 ND 0 0 0 85 complex

P256 6 0 0 31 l o GPIIb

PL249-A19 ND 0 0 5 0 GPIIb

TP80 ND 0 0 0 0 GPIIb

MB32 ND 0 0 0 0 GPIIb

ND =  Not Done
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5.3. Discussion.

Taking together the competitive binding studies, the effects of the MAbs on platelet 

function and the effects of dissociation of the GPIIb-IIIa complex with EDTA on MAb 

binding, it was possible to construct an informative, albeit incomplete picture of the MAb 

binding sites on the GPIIb-IIIa complex that inhibit and also induce fibrinogen receptor 

exposure. Total inhibition was caused by MAbs to two distinct sites, one on GPIIb-IIIa 

and one on GPIIIa. Partially inhibitory MAbs were heterogeneous, both in their effects 

on platelet function (as discussed in Section 4) and in their reactivity with GPIIb-IIIa. 

Two of the MAbs in this category that competed for a site on GPIIIa (RFGP52 and BL- 

E6) also cross-reacted with the site on GPIIIa recognised by the totally inhibitory MAb, 

CLB-thromb/1, suggesting mutual recognition of an epitope displaced at most by only a 

few amino acids. Both RFGP52 and BL-E6 also competed with the partially inhibitory 

CD41 complex-specific MAb, RFGP41; RFGP52 being the most inhibitory. However, 

none of the partial inhibitors tested, whether against the GPIIb-IIIa complex, GPIIIa or 

GPIIb interfered with the binding of the totally inhibitory complex-specific MAbs 

(RFGP56/M148).

All of the MAbs that clustered to either the RFGP56/M148 or the CLB- 

thromb/1/RFGP52 sites bound only to the intact GPIIb-IIIa complex, ceasing to bind 

when the GPIIb-IIIa complex was dissociated with EDTA.

Although RFGP41 and RFGP52/BL-E6 bound to separate sites on the GPIIb-IIIa complex 

and GPIIIa respectively, these MAbs did compete with each other. This inhibition may 

be attributed to antibodies binding to sites lying in close proximity or to antibody binding 

to one site affecting antibody binding of the other. As RFGP52 binding was more 

successfully inhibited by RFGP41, it may be suggested that this antibody had a weaker 

affinity for its binding site than RFGP41. This observation may explain why workshop 

antibodies were in general more inhibitory to RFGP52 than RFGP41 binding.

Partial effects on antibody binding seen between many of the MAbs may be due to 

antibody-induced changes in the conformation of the site on GPIIb-IIIa bound, as has 

been described in response to RGD-peptide interactions with the complex, which may
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obscure antibody binding sites. This may account for the one-way inhibition seen in a 

number of antibody interactions (eg P256 inhibition of RFGP52 binding and RFGP41 

inhibition of RFGP56 binding). In order to distinguish specific interactions from 

antibody-induced conformational changes and steric effects it would be desirable to repeat 

these studies with Fab fragments of each of the monoclonal antibodies.

Three sites were identified capable of promoting platelet aggregation, two of which, 

bound by the majority of antibodies were on GPIIb. Whilst the majority of 

proaggregatory CD41 antibodies act through Fc gamma RII interactions, it appears that 

the specific site on the GPIIb-IIIa complex to which they bind is vitally important in 

permitting antibody-Fc gamma RII induced activation, because not all CD41 MAbs were 

found to cause platelet activation.

There was very little competition between inhibitory MAbs and proaggregatory MAbs 

with the exception of FITC-RFGP52, which was partially inhibited by P256, although 

RFGP52 did not inhibit FITC-P256 binding.

An epitope map was constructed (Figure 5.3) detailing the binding sites recognised by 

RFGP MAbs and MAbs obtained from the Fourth International Workshop, highlighting 

those antibodies binding to closely related or overlapping sites. Sites which on binding 

antibody, were totally inhibitory to platelet aggreagtion are shown in black, partially 

inhibitory sites are shown by the dotted circles and proaggregatory sites by the open 

circles. Sites on the left hand segment of the large circle are on GPIIb, the right hand 

side, GPIIIa and sites on the dividing line between the two segments are complex specific 

sites. The relative distance (D) between the sites identified by each of the antibodies 

corresponds to the degree of inhibition of antibody binding, calculated from the following 

formula

D =  lofrnri x 1001 

I

I corresponds to the maximum inhibition seen.
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GPIIIa

GPIIb

Figure 5.3.

Epitope map of functional sites on the GPIIb-IIIa complex.
The large circle represents the GPIIb-IIIa molecule, the small circles 
individual epitopes on the GPIIb-IIIa complex.
Filled circles represent antibody binding sites which totally inhibit platelet 
aggregation; dotted circles, sites which partially inhibit aggregation and open 
circles, proaggregatory MAbs. Sites on the GPIIb-IIIa interface are 
complex-specific sites. Adjacent sites are mutually exclusive sites. Distance 
between sites joined by straight lines represent the reciprocal of the 
maximum percentage inhibition of antibody binding (I).
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Although this analysis identifies the different sites on the GPIIb-IIIa complex involved 

in inhibiting and inducing platelet aggregation/fibrinogen binding, there are several 

reasons why this study does not represent a complete picture of the GPIIb-IIIIa complex. 

Firstly competetive binding studies were only carried out using the intact antibody: Fab 

fragments, on account of their smaller size, may reduce the steric effects and eliminate 

partial interactions between antibodies binding to adjacent sites. Secondly, as there was 

insufficient volume of the workshop antibodies it was not possible to elucidate direct 

interactions between these antibodies.

Having identified a number of sites on the GPIIb-IIIa complex with a crucial role 

inhibiting platelet aggregation, further studies were performed with representative MAbs 

to determine whether inhibition was likely to be due to direct competition between 

antibody and fibrinogen for the fibrinogen binding site, or due to steric hindrance or due 

to antibody binding preventing a conformational change in the receptor necessary for 

fibrinogen receptor exposure and hence ligand binding and will be discussed in the next 

Chapter.
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6. Fibrinogen and von Willebrand Factor binding to GPIIb-IIIa.

Fibrinogen and vWF are two major adhesive ligands of integral importance in supporting 

platelet adhesion, aggregation and subsequent haemostatic plug formation. Both can bind 

to the GPIIb-IIIa complex, following platelet stimulation with ADP and other agonists 

(Fujimoto et al 1982 and Fujimoto and Hawinger 1982).

6.1. Fibrinogen and vWF Binding to Platelets in Response to ADP.

The method used was a modification of the whole blood method, as described in 2.6.1.2. 

Whole citrated blood was stimulated with a range of ADP concentrations between 0.01 

and lOOuM ADP, and fibrinogen and vWF binding detected with fluorescein-conjugated 

rabbit anti-fibrinogen and mouse anti-vWF (RFF-VIII:R/1) antibodies; neither antibody 

interfered with the binding of the two ligands to GPIIb-IIIa (Warkentin et al 1990, Nokes 

et al 1984), although RFF-VIII:R/1 inhibits vWF binding to GPIb (Goodall et al 1985). 

Five normal controls were assayed in duplicate.

From the graph (Figure 6.1) it is evident that fibrinogen and vWF binding to ADP- 

stimulated platelets occurs at very similar agonist concentrations, both having an EC 50, 

measured in terms of the percentage of platelets positive, of 0.4uM ADP. Whilst up to 

90% of cells bound fibrinogen, binding of vWF was maximal when about 40% of the 

cells were positive. Although the percentage of positive cells varied for the two ligands, 

there was a direct correlation between fibrinogen and vWF binding over the range of 

ADP concentrations (R =  0.989), as seen in Figure 6.2.

A time course for fibrinogen and vWF binding was carried out and as before, five normal 

controls were assayed in duplicate, (Figure 6.3). vWF bound to platelets at a slower rate 

than fibrinogen. Fibrinogen binding reached a plateau after five minutes, whilst vWF 

binding continued to increase at a steady rate over the 20 minute period. Using 

regression analysis to compare the rate of ligand binding to ADP-stimulated platelets over 

the initial 5 minutes, fibrinogen was demonstrated to bind to platelets at a rate 7.5 times 

( p =  < 0.001) that of vWF (Figure 6.4). Although this gives an indication of the 

different kinetics of the binding of the two ligands, it is not absolute, firstly as the results
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are only expressed as the percentage of cells that are positive and whilst this gives an 

indication as to the number of binding sites per cell it does not reflect precisely the 

number of molecules of each ligand bound. Secondly, the binding of the two ligands 

were measured with two very different antibodies; one polyclonal and one monoclonal, 

both of different affinities and with different FITC : protein ratios.

All RFGP CD41/61 MAbs totally inhibited fibrinogen binding at antibody concentrations 

greater than lOug/ml. The two antibodies that totally inhibited ADP-induced aggregation, 

together with the partially inhibitory MAb, RFGP41, had a very similar effect on 

fibrinogen binding, all having an IC 50 of between 0.5 and lug/ml. The partially 

inhibitory CD61 MAb, RFGP52, whilst totally blocking fibrinogen binding at lOug/ml 

and above had a lesser effect on vWF binding (IC 50 2ug/ml), probably reflecting its 

apparently lower affinity as previously discussed in Section 5. The effects of the MAbs 

on vWF binding paralleled their effects on fibrinogen binding, save that a maximum 

inhibition of only 80-90%  was recorded (Figures 6.5 and 6.6). The IC 50’s for all four 

MAbs were essentially the same for all ligands, as seen in Table 6.1.

Table 6.1.

IC 50 for RFGP MAbs for Fibrinogen and vWF binding.

MAb Fibrinogen vWF

RFGP56 0.5ug/ml 0.5ug/ml

RFGP41 1.05ug/ml l.Oug/ml

RFGP52 2.0ug/ml 0.6ug/ml

M148 0.9ug/ml Not done
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Figure 6,2.

Correlation between percentages of platelets binding FITC-anti-fibrinogen 
and FITC-anti-vWF (RFFVIII/R:1), in response to 0.01 - lOOuM ADP. 
Mean + sd; n =  5).
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Figure 6.4.

Correlation between percentages of platelets binding FITC-anti-fibrinogen 
and FITC-anti-vWF in response to lOuM ADP: over time periods between 
30 seconds to 20 minutes.
Mean + sd; n =  5).
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To determine if RFGP41/61 MAb-inhibition of fibrinogen and vWF binding to ADP- 

stimulated platelets was due to direct competition for the same binding site, a steric 

effect, or inhibition of fibrinogen receptor exposure, antibody binding was assessed 

before and after platelet stimulation with ADP. ADP was the agonist of choice as it 

promotes fibrinogen receptor expression without causing degranulation, with consequent 

exposure of further fibrinogen binding sites from intracellular sites (Legrand et al 1989, 

Niija et al 1987).

A series of 5ul aliquots of citrated whole blood were diluted 1:10 with HEPES buffer pH 

7.4 and incubated for 40 minutes at room temperature. IOuM ADP was added to each 

tube after 10 minutes incubation (time 0), and 5ul of optimally diluted FITC-conjugated 

RFGP MAb was added at times 10, "5, 0, 2, 4, 6, 10 or 15 minutes after addition of 

the ADP. At the end of the forty minute incubation period, samples were fixed and 

analysed by flow cytometry. In this way the influence of bound fibrinogen (and vWF) 

on antibody binding could be assessed. Figure 6.7 shows the binding of each of the 

FITC-conjugated antibodies before and after ADP-stimulation, an ADP-dose response 

curve for fibrinogen binding over this period in the absence of MAbs is also shown for 

comparison. Fibrinogen binding reached a plateau after about 5 minutes, but the 

percentage of cells binding the FITC-RFGP MAbs remained constant over the whole time 

course. Although not shown here, there was no change in the MFI over the time course, 

showing that the binding of the MAbs was unaffected by pre-bound fibrinogen (or vWF).

6.2. Concomitant Binding o f Fibrinogen and vWF to ADP-Stimulated Platelets:

To determine if individual platelets in whole blood bound fibrinogen and vWF 

simultaneously or whether two distinct populations of platelets existed, platelets were 

labelled with FITC-RFF-VIII/R: 1 together with an unconjugated polyclonal anti

fibrinogen polyclonal antibody, the latter antibody was identified with a second, 

phycoerythrin-conjugated goat-anti-rabbit antibody.

Figure 6.8 shows fibrinogen and vWF binding to unstimulated platelets (a), platelets 

stimulated with ADP and labelled with RFF-VIII:R/1 alone (b) or with the polyclonal 

anti-fibrinogen antibody alone (c) or double labelled with anti-RFF-VIII:R/l and anti

fibrinogen (d).
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Binding of CD41 MAbs to ADP-Stimulated Platelets 
in Whole Blood
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Figure 6.7.

Binding of RFGP56, RFGP41 and RFGP52 to platelets stimulated with 
lOuM ADP in whole blood. Effect of bound fibrinogen (and vWF) on MAb 
binding to sites on the CD41 complex. A fibrinogen binding curve is also 
shown for comparison.
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In this sample in the absence of ADP, less than 5% of platelets bound fibrinogen or vWF 

(Figure 6.8a).

The binding of vWF and fibrinogen alone to ADP-stimulated platelets are shown in 

Figures 6.8b and 6.8c. Following stimulation with ADP 92% of platelets bound 

fibrinogen and 29% bound vWF. When analysed for both ligands simultaneously 

(Figure 6.8d) 26% of platelets bound both ligands and 67% bound fibrinogen alone: a 

total of 93% of platelets were positive for fibrinogen binding, consistant with the earlier 

data. 7.2% of platelets were negative for both markers.

Thus, a significant proportion of platelets can be shown to bind vWF, despite the vast 

excess of plasma fibrinogen. Although platelets binding fibrinogen alone were 

demonstrated, those binding only vWF were not seen.

Using a whole blood method, platelets from both normal donors (n =  9) and pregnant 

women (n = 30) in whom fibrinogen and vWF levels were slightly raised, were 

stimulated with a range of ADP concentrations and vWF and fibrinogen binding assessed 

as previously described. At the maximum ADP concentration used (lOuM), the 

percentage of cells binding vWF was found to be highly variable, ranging from 4% to 

40% (sd 1 11.3; n =  39). To ascertain if the wide range in the percentage of platelets 

binding vWF/fibrinogen was due to differences in the plasma levels of the two ligands, 

the levels of both plasma vWF and fibrinogen were quantitated

There was no statistical correlation between plasma levels of vWF and the percentage of 

platelets binding vWF (R =  0.132; p = 0.4). Similarly, the binding of vWF was not 

affected by the levels of fibrinogen in the plasma (R = 0.104; p > 0.5), nor was 

fibrinogen binding related to the plasma level of fibrinogen (R = 0.036; p >  0.5) or 

plasma vWF levels (R = 0.036; p > 0.5).

Thus neither plasma fibrinogen or plasma vWF had an appreciable effect on the 

percentage of cells binding either fibrinogen or vWF in the subjects studied.
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Figure 6.8.

Concomitant binding of fibrinogen (detected by R-anti-fibrinogen polyclonal) 
and vWF (detected by RFF-VIII:R/1) to a) unstimulated platelets and d) 
platelets stimulated with lOuM ADP.
Figures b) and c) show binding of fibrinogen and vWF alone.
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6.3 Fibrinogen Binding to Platelets from a Patient with severe vWD.

A direct demonstration of the influence of vWF on fibrinogen binding to GPIIb-IIIa was 

provided by the investigation of a patient with severe von Willebrand’s disease. Blood 

was collected from this patient before and ten minutes after the infusion of 1375 units 

BPL 8Y FVIII concentrate. As expected, vWF binding to platelets taken from this 

patient prior to infusion was negligible. Fibrinogen binding, however, was much 

increased over the whole range of ADP concentrations compared to the controls, as seen 

in a shift in the curve to the left (Figure 6.9) (p < 0.001). The mean number of 

platelets binding fibrinogen at the maximum ADP concentration was 95 %, as compared 

to 85% for the normal curve and this was found to be significantly different (p < 0.001). 

There was also a significant difference between the MFI’s ( p < 0.001) between the 

patient and control groups.

A time course for fibrinogen binding was only carried out prior to FVIII infusion. As 

seen in Figure 6.10, fibrinogen binding occurred at an increased rate, 1.5 fold that of the 

normal control in the virtual absence of plasma vWF.

After FVIII infusion, this patient’s platelets bound fibrinogen at an intermediate level, 

between that of the normal controls and that of the sample taken before FVIII infusion. 

Although there was no significant difference between the percentage of the patient’s 

platelets binding fibrinogen before and after infusion at maximum ADP concentrations, 

there was a significant difference at ADP concentrations less than 2uM (p > 0.001). 

Comparison of the MFI’s, however, demonstrated that the expression of fibrinogen on 

the platelet surface was greatly reduced post FVIII infusion (p <  0.001), but increased 

in comparison to the normal controls.

176



*>e•»c
oc
u

§
c
5•s

8 e s o o

^  E

8

CO

O

03

oCMCO

OS
so

i *
3Of)

*3 m
S  a  
£  >
3
<D C/3

Cd 2CLi 3
cd o
S O

COo.t-l
c/3>J0>
13 •*_»
cat
H,

3
-4—* 

£
3  o

•
C/3

_ .  < s

^  . s

*  ^
C/3 JJ2  CD <3

' w )3 T? Cd 3 •r: cd
C/3 
<DUi
cd 
3  cr
C/3

■ 8
C/3o

cd q

T3
<D
c/3
O

13
C/3

-4—>

13
-4— tcd
D ,

<DUi
<s

<D
3

3
<D
W )
O
3

3

sV-io 
3  

«+-.
O

<D 
W )

■4—> 3  3  3  <D VPO i
^  V  ->
3 - cd 

_3  73
3  £  

w> J?,3
•

£
O

3
C/3

W )3
‘5*

o
o

r U
f aCL,

W )3
•

T33

>  t-i3
o

<D
C/33
S - sC/3 ' i J

p Q
£
>
<DVh
>
<D
C/3

<D
C/3
OT3
O,
O
C

177

(cl
os

ed
 

ci
rc

le
s)

. 
In

set
 f

igu
re

 
sh

ow
in

g 
the

 
ch

an
ge

 
in 

M
FI

 b
efo

re
 

(op
en

 
sq

ua
re

s) 
and

 
aft

er 
(op

en
 

cir
cle

s) 
FV

III
 

in
fu

sio
n.

 
(N

or
m

al
 M

ea
ns

 
* 

sd
; 

n 
= 

5 
and

 
Pa

tie
nt

 M
ea

ns
 

* 
sd

; 
n 

= 
2)

.



1
0

0
.

oo ooo

-  1 0

o
CM

c

a>
E
h-

_ o

- in

i- o

co co CM

©AjllSOd %

so
a>u
3
DD

a
Cd

T3
CD cn O

C /3
£  Ph 

td <

E ^£  -
§  £"  • r—tO ^4—>
bJ) 3
.S .2X3 trt
« -3
43 §  c  .5
8>*
|  g?

*V :§■i 73 ccd
C /3

13
« Bbo • ̂o

■ f ’S
V O ~  
6  ■§ ^  
H  II
E Q ti
«g£ "
S *r Q>  ^
So p COl-l *-C
£3 CD +  |

§  CD gv  W C
CD cd 

<D.ti
h  £  e

178



v This peptide was found to contain an Arginine-Tyrosine-Aspartic acid (RYD) sequence, 

that if present in the proper conformation, was suggested to behave like the RGD 

sequence in fibrinogen: the ability of PAC-1 to bind to activated platelets being largely 

dependent on the similarity of the RYD peptide to the RGD sequence in the Aa  chain of 

fibrinogen (Taub et al 1989).

°  RGD and RYD



6.4. Discussion.

Platelet activation gives rise to a change in the GPIIb-IIIa complex, which may be a 

conformational change (McEver and Martin 1984) or a change in the microenvironment 

(Coller 1985), permitting the interaction of adhesive ligands with this platelet receptor. 

The interaction of fibrinogen with GPIIb-IIIa is well recognised and has been shown to 

have a vital role in the maintenance of normal haemostasis. The changes involving the 

GPIIb-IIIa complex that result in exposure of the binding site for fibrinogen are unknown. 

From studies with RGD-containing peptides, it appears that the fibrinogen binding site 

is present, yet inaccessible to large ligands, on the unactivated form of the complex. 

Moreover, on binding to unstimulated platelets, RGD-peptides can prevent subsequent 

fibrinogen binding (Gartner and Bennet 1985, Pytela et al 1986). It is not known, 

however, if RGD-peptides bind to the fibrinogen binding site itself or to a site so close 

in proximity as to impede ligand binding. RGD-peptides may promote changes in the 

GPIIb-IIIa complex, perhaps a prerequisite for fibrinogen binding (Parise et al 1987, 

Xiaoping et al 1991).f\ Peptide derived from the hypervariable region of PAC-1, the ^

MAb which binds specifically to activated GPIIb-IIIa, has been shown to mimic the |
v □ *

receptor recognition domain in fibrinogen. Both the peptides and the PAC-1 antibody

have been shown to compete with fibrinogen for binding to the complex, but in contrast

to the RGD peptides, PAC-1 will not bind to unstimulated platelets. Whether this

suggests that the fibrinogen binding site, is present on the GPIIb-IIIa complex, but

inaccessible to this relatively large antibody has yet to be determined.

Using a Chinese hamster ovary cell expression system, O’Toole et al (1991) elegantly

characterised the activation properties of the GPIIb-IIIa receptor. Cells expressing the

inactive form of the complex failed to respond to a variety of platelet agonists, although

certain proaggregatory MAbs against GPIIIa did promote fibrinogen (and PAC-1)

binding. These data show that not only did the cellular mechanism of GPIIb-IIIa

activation differ in these cells, but that activation was an inherent property of the receptor

itself, rather than one of the microenvironment. These workers subsequently

demonstrated by site directed mutagenesis that a deletion in the cytoplasmic tail of GPIIIa

leads to a constitutively activated form of the complex. Fibrinogen binding to this

mutant form of GPIIb-IIIa was inhibited by EDTA, CD41/61 MAbs and RGD-peptides.
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A similar finding has also been described by Parise and Phillips (1985) in which the 

GPIIb-IIIa complex was purified and incorporated into phospholipid vesicles, this process 

also resulting in the exposure of the fibrinogen binding site. Taken together, the results 

of Parise and Phillips (1985) and O’Toole (1991) indicate that exposure of the fibrinogen 

receptor is more likely to involve a conformational change than one of modulation of the 

GPIIb-IIIa microenvironment.

Whilst all the RFGP MAbs were found to inhibit fibrinogen binding following ADP- 

induced platelet activation, none was found to compete directly for the fibrinogen binding 

site, nor was the accessibility of the epitopes to which they bound affected by the 

activation status of the complex: findings different from those described for PAC-1 and 

anti-LIBS MAbs (Shattil et al 1985, Frelinger et al 1988 and 1990). As previously 

discussed, stimulation with ADP may cause a change in the conformation of the GPIIb- 

IIIa receptor, exposing the fibrinogen binding site. Bearing this hypothesis in mind, the 

way in which the RFGP MAbs inhibit fibrinogen binding was adduced to be due to one 

of two mechanisms. Firstly bound antibody may prevent fibrinogen binding on binding 

to a site which sterically impedes the specific interaction of the ligand with its binding 

site. Alternatively antibody binding to the complex may prevent a change in the GPIIb- 

IIIa conformation that is required to expose the fibrinogen receptor, either by preventing 

a major conformational change, or by preventing one in a series of steps required to 

bring about the conformational change (Xiaoping et al 1991). Although all the 

experiments described here were performed with whole antibody, it has been shown that 

Fab fragments of M148 (the MAb which competed with RFGP56) also inhibited 

fibrinogen binding and aggregation (Powling and Hardisty 1985). Thus on reducing the 

steric effects of this complex-specific antibody, and on eliminating the possibility that this 

antibody inhibited platelet aggregation and fibrinogen binding by cross-linking the GPIIb- 

IIIa receptor, inhibition was still seen. Whilst the use of Fab fragments will surely 

reduce the steric effects of this antibody, some steric interference will still be seen. It 

is therefore not possible to state conclusively the mechanism by which the CD41 MAbs 

inhibit fibrinogen binding, although that of inhibition of a conformational change appears 

likely.
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vWF binding to the GPIIb-IIIa complex has been clearly demonstrated, however, the 

significance of this interaction in vivo and the mechanism by which this ligand is 

expressed on the platelet surface is still a matter of some debate. It has been suggested 

that in patients with afibrinogenaemia, or with an acquired decrease in plasma fibrinogen, 

vWF binding to GPIIb-IIIa may serve as an alternative pathway for platelet adhesion 

and/or aggregation (Timmons et al 1986). It is also possible that at the level of the 

vessel wall, vWF binding to GPIIb-IIIa may be of more importance where the 

concentration of this ligand is increased due to the release of vascular endothelial cell 

vWF. In studies using either washed platelets or PRP Gralnick et al (1984), Schullek et 

al (1984) and Pietu et al (1984) showed that whilst platelets stimulated with ADP or 

thrombin in the absence of fibrinogen bound vWF, in the presence of physiological levels 

of fibrinogen a specific interaction between vWF and GPIIb-IIIa was not seen. It was 

therefore suggested that these agonists were unlikely to act as a stimulus for vWF binding 

in vivo.

As the previous studies have assessed vWF binding using a number of different 

approaches, this present study was designed to assess interactions between vWF and 

GPIIb-IIIa using a model which more closely paralleled that in vivo, namely one in which 

the plasma ratio of the two ligands was maintained and the ligands had not been altered 

by purification and/or radiolabelling. In addition this method greatly reduced the 

possibility of activation artefacts induced in vitro due to post venepuncture assay 

procedures.

Differences in the rate of vWF binding to GPIIb-IIIa have been described by different 

groups; Fujimoto and Hawinger (1982) observed equilibrium after 30 minutes, whilst Di 

Minno et al (1983a) found vWF binding was maximal in less than ten minutes: these 

experiments being performed with radiolabelled vWF. Our flow cytometric data show 

vWF binding increasing progressively over the twenty minute period. The binding of 

vWF to platelets was much reduced over the initial five minutes when compared to that 

of fibrinogen, probably reflecting the different plasma concentrations of the two ligands 

and their different affinities. Comparison of the ADP dose response curves for 

fibrinogen and vWF binding revealed that both ligands bound to platelets over a very

181



similar range of ADP concentrations.

Di Minno et al (1983a) and Parker and Gralnick (1989) reported that pre-treatment of 

washed platelets with aspirin reduced ADP-induced vWF-binding to approximately 50% 

of control levels, suggesting that thromboxane synthesis plays some role in vWF binding 

to platelets exposed to this agent. This may result from blockade of the cyclooxygenase 

pathway, leading to inhibition of secretion and thus loss of vWF secreted from 

intracellular stores.

Two recent reports have suggested that a large proportion of platelet vWF is released 

from activated platelets pre-bound to GPIIb-IIIa (Adel man et al 1987, Parker and 

Gralnick 1989). The data presented here suggest that in a whole blood environment, 

exogenous vWF may in fact bind significantly to platelet surface membrane GPIIb-IIIa, 

although it does not exclude a role for the binding of secreted vWF to this integrin. In 

studies performed with RFGP56 (the total inhibitor of platelet aggregation), the majority 

of vWF binding sites (90%) were blocked on pre-incubation with this antibody. These 

findings contrast with the results of Parker and Gralnick (1989), who showed that when 

washed platelets were stimulated with ADP in the presence of 10E5, another complex- 

specific MAb which totally inhibits ADP-induced aggregation, only 20 - 40% of vWF 

binding was inhibited. However, in their study, Parker and Gralnick (1989) used washed 

platelets the influence of exogenous vWF was not addressed.

Although Adelman et al (1987), also using a flow cytometric method, demonstrated that 

approximately 40% of platelets in PRP stimulated with ADP expressed vWF, as reported 

here, differences were detected in blocking experiments with CD41 MAbs. Two MAbs 

were studied, U P5 and U-CP8, both of which blocked the binding of exogeneous vWF 

to platelets: the former antibody was specific for vWF, the latter antibody also inhibited 

fibrinogen binding. In the presence of physiological levels of fibrinogen, both antibodies 

failed to inhibit the ADP-induced expression of vWF on the platelet surface. It was 

therefore suggested that the majority of vWF detected on the platelet surface following 

platelet stimulation is released from the platelet a-granule pre-bound to the GPIIb-IIIa 

complex. These findings suggesting that vWF and fibrinogen in the plasma do not
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compete for the same binding site. Whilst both Adelman’s experiments and those 

described here were carried out in the presence of plasma proteins, our data suggest that 

exogenous vWF binding is important, and that the two ligands bind to GPIIb-IIIa in a 

competitive way, those suggested by Adelman et al (1987) do not. In our experiments 

there was minimal manipulation of the blood and thus activation artifacts were kept to a 

minimum; it is possible that in the experiments of Adelman et al, platelet activation was 

induced in vitro by high speed centrifugation, activating a proportion of the platelets.

Further evidence to suggest that vWF derived from exogenous sources can compete with 

fibrinogen for binding to GPIIb-IIIa was supplied in the study of a patient with severe 

vWD. This patient’s platelets bound significantly higher levels of fibrinogen than those 

seen in normal controls. Infusion of factor VIII concentrate, resulting in an increase in 

the plasma vWF significantly reduced fibrinogen binding. This data suggesting that in 

a whole blood environment, vWF does in fact compete with fibrinogen for binding.

Platelet activation and aggregation in normal haemostasis are essential for the arrest of 

bleeding through the formation of a haemostatic plug. In diseases such as atherosclerosis, 

thrombosis and peripheral vascular disease (PVD), uncontrolled activation may lead to 

vessel occlusion, myocardial infarction (MI) or stroke. MAbs directed against sites on 

GPIIb-IIIa have been shown to have important applications in the in vivo prevention of 

thrombus formation, by inhibition of fibrinogen and vWF binding (Hanson et al 1988, 

Coller et al 1989b). Many of the MAbs described in this study were found to strongly 

inhibit aggregation by their effects on fibrinogen binding. However, in view of the 

observation that the inhibitory effect of many of the partial inhibitors could be overcome 

in a stirred platelet suspension (Chapters 3 and 4), it is proposed that only MAbs which 

are totally inhibitory (ie RFGP56 and M148) may be appropriate for in vivo use. In 

Coller et aVs (1989b) experimental animal models, using the two MAbs, 7E3 and 10E3, 

it was found that thrombus formation was abolished when more than 50% of GPIIb-IIIa 

receptors were blocked, but that the bleeding time was not prolonged, suggesting that 

retention of some unblocked receptors may be necessary to preserve primary haemostasis. 

Although anti-platelet antibodies may be capable of inhibiting a number of effector 

mechanisms in vivo, the majority have been raised in rodents and are thus also highly
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v from experiments infusing animal models with humanised and chimeric antibodies 

(antibodies in which the Fab fragments of murine MAbs are combined to human Fc 

regions)



immunogenic. RGD-containing peptides may overcome the problems associated with 

immunogenicity, but have been shown to have a short half-life and low potency, possibly 

due to the actions of natural proteases (Shebuski et al 1989). In view of the difficulties 

in making human MAbs directly, recent developments have concentrated on genetic

engineering, the antibody binding loops being combined with human antibodies (Winter
v

and Milstein 1991). Recent evidence has shown this to be highly effective in reducing 

the immunogenicity (LoBuglio et al 1989). Humanised forms of the MAb, 7E3, are 

currently being used in patients with stable angina, either as a single bolus injection or 

continuous infusion, and have been shown to be effective in inhibiting platelet function 

whilst being ’clinically safe’ (Machin et al 1991). It therefore appears that for anti

platelet antibodies to have a role in thrombus prevention in man, ’humanisation’ of the 

antibodies currently available would be desirable.
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7. The Production and Characterisation of MAbs Directed Against Sites on 

Activated Platelets.

Two fusions were carried out, using mice immunised with 2 x 108 fixed, thrombin- 

activated platelets.

Using indirect immunofluorescence as a screening assay, six hybridomas (three from each 

fusion) were identified that secreted MAbs which bound to activated in preference to 

resting platelets. Individual hybridomas were aspirated into fresh media and cloned twice 

by limiting dilution, regularly testing the culture supernatants to ensure antibody 

production remained stable. Two hybridomas, RFAC-5 and RFAC-6, ceased antibody 

production following cloning and were discontinued. Clones from the remaining four 

hybridomas, designated RF AC-1, RF AC-2, RFAC-3 and RFAC-4 were stored at -170°C 

in liquid nitrogen, and grown up as ascitic tumours in mice.

Antibody isotype was determined by Ouchterlony immunoprecipitation; RFAC-1, 

RFAC-2 and RFAC-3 were found to be IgM, whilst RFAC-4 was IgGl.
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7.1. Western Blot Analysis o f Activation-Dependent (RFAC) Monoclonal Antibodies.

Platelet proteins were immunoblotted from platelet lysate separated on a 7.5% SDS gel. 

As with the RFGP MAbs (Section 3.2), renaturation of the blotted proteins with 5M Urea 

was required for the antibodies to bind. The molecular weights of the proteins identified 

were calibrated against high and low molecular weight standards. AP-3, a known CD61 

MAb, was also included as an internal control: this monoclonal antibody binds to a 

protein of molecular weight 110 kDa, when electrophoresed under reducing conditions.

RFAC-2 and RFAC-3 recognised a protein of an apparent molecular weight 140 kDa, 

under non-reducing conditions. Further bands were detected under reducing conditions 

and were considered to be degradation products of the 140 kDa protein.

Neither RFAC-1 nor RFAC-4 bound to platelet proteins electrophoresed under non

reducing conditions, but under reducing conditions both of these antibodies bound to a 

protein of apparent molecular weight 53 kDa. RFAC-4 also bound to a second band 

between 30 and 35 kDa.

The molecular weight of the antigen bound by RFAC-2 and RFAC-3 corresponded to that 

of GMP-140 or PADGEM, an antigen present on the a-granule membrane and recognised 

by MAbs as defined as CD62 MAbs by the Fourth International Workshop. The 

molecular weight of the protein identified by RFAC-1 and RFAC-4 corresponded to that 

of GP53, a lysosomal membrane protein, recognised by CD63 antibodies.

Figure 7.1 shows representative immunoblots of the proteins identified by RFAC-1, 

RFAC-3, RFAC-4 and AP-3 and a summary of the anti-RFAC-MAb reactivities is 

presented in Table 7.1.
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7.2. Cellular Reactivity o f Activation-Dependent (RFAC) MAbs.

Each of the RFAC MAbs was tested against a number of different cell types and tissues. 

As the cellular reactivity of the CD62 and CD63 antigens has not been fully established, 

antibody binding of each was compared to that of known CD62 and CD63 MAbs. In this 

way it was possible to characterise not only the antibodies raised but also to provide new 

data on the cellular distribution of the antigens recognised in each case.

Flow cytometric analysis and ’bitmap gating’ were carried out as described in section

3.3. In these studies, an anti-T-cell (CD5) MAb, (kindly supplied by Prof Janossy, 

Department of Immunology, RFH), was used to define the negative population. The 

known CD62 and CD63 MAbs, RUU SP1.18.1 and RUU SP2.28, respectively, acted as 

positive controls.

Each of the RFAC MAb ascites was titrated from 1:25 to 1:50,000 against fixed, 

thrombin-stimulated platelets to determine optimal antibody concentrations for use in the 

following investigations.

Optimal antibody concentrations were as follows:

MAb Working Dilution

Primary Ab

RFAC-1 1:100

RFAC-2 1:100

RFAC-3 1:200

RFAC-4 1:200

Secondary Ab

FITC G-anti-Mouse Ig 70ug/ml
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described in 2.1 (Preparation of Washed, ADP-Stimulated Platelets)



7.2.1. Normal Platelets.

To determine the reactivity of the RFAC MAbs with normal platelets, five normal 

controls were assayed in duplicate and antibody binding expressed as the percentage of 

platelets positive. To analyse resting platelets blood was collected directly into (3-TG 

anticoagulant and washed platelets prepared (Section 2.1). Those MAbs that recognised 

a 140 kDa protein (RF AC-2, RFAC-3 and RUU SP 1.18.1) failed to bind significantly to 

resting platelets; binding was 5.9%, 8.3% and 4.5% respectively.

The MAbs that recognised a protein of molecular weight 53 kDa were more 

heterogeneous in their reactivity with unstimulated platelets. RFAC-4 bound to only 6% 

of cells whilst RFAC-1 bound to 25 -30% of unstimulated platelets. The control CD63 

MAb, RUU SP 2.28, bound to a percentage of platelets intermediate to that of RFAC-1 

and RFAC-4 (16%). These results and those for antibody binding to ADP- and 

thrombin-stimulated platelets are presented in Table 7.2.

For procedures in which activated platelets were required, washed platelets were prepared

from ACD-anticoagulated blood. To determine if the RFAC MAbs could detect changes

in the platelet membrane induced by weak agonists, platelets were stimulated with 50 uM 
v

ADP. The expression of the sites recognised by each of the RFAC MAbs and the CD62 

and CD63 control antibodies was increased in approximately 10% of the platelets.

On applying a Student’s ’t’ test, this increase was found to be significantly different from 

that seen on unstimulated platelets for each of the antibodies tested (p < 0.05).

To investigate thrombin-stimulated platelets, washed platelets were titrated with a range 

of thrombin concentrations to determine the concentration just below that which caused 

clotting. This was determined for each of the five donors analysed, but was always in 

the range of 0.2u/ml to 0.4u/ml thrombin.

The percent of cells that bound the antibodies was greatly increased following platelet 

stimulation with thrombin. Of the MAbs binding to a 140 kDa protein RFAC-2 bound 

90%, RFAC-3 bound 93% and RUU SP1.18.1 bound 92% of thrombin-stimulated 

platelets. Of the MAbs recognising a protein of molecular weight 53 kDa, RFAC-4 and
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RUU SP 2.28 bound to 93% and 95% of thrombin-stimulated platelets respectively, 

whilst, RFAC-1 bound to significantly fewer platelets (85%; p <  0.05).

Representative flow cytometric profiles, showing RFAC-1 and RFAC-4 binding, are 

illustrated in Figure 7.2. RFAC-1 can be seen to bind a greater number of unstimulated 

platelets, as seen by a shift in this population to the right, when compared to RFAC-4. 

However, following thrombin stimulation, the expression of the sites bound by RFAC-4 

exceeded that of RFAC-1.

The flow cytometric profiles obtained for RFAC-2 and RFAC-3 were essentially the same 

as that of RFAC-4. Differences were seen between the CD62 and CD63 MAbs, 

however, when samples were analysed in a whole blood environment, as will be 

described in Chapter 8.
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Table 7.2.

RFAC MAb Reactivity with Resting and Activated Platelets.
(Mean 1 sd: n =  5)

I Percentage of Platelets Positive

MAb

Unstimulated

Platelets

ADP-Stimulated

(50uM)

Thrombin-Stimulated

(0.4u/ml)

RFAC-1 2 8 .1 1  8.5 38.01 10.6 8 5 .9 1 5 .1

RFAC-2 5.9 1  10.2 18.11 10.2 90.6 1  2.5

RFAC-3 8 .31  13.0 2 2 .0 1  13.0 9 3 .0 1  3.6

RFAC-4 5 .6 1  3.7 12.3 1 7 .2 9 3 .3 1  1.6

RUU SP2.28 16 .31  11.2 3 0 .9 1  11.7 9 4 .8 1 3 .7

RUU SP1.18.1 4.5 + 5.9 14.8 + 7.9 92.0 + 1.9
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Binding of RFAC-1 to p latelets

RESTING
RFAC-1j j |  ADP { 5 0 jiM )

- 4- THROMBIN (0 -5 u /m l)

L F 1

Binding of RFAC-4 to platelets

RFAC-4

R ESTIN G  (do tted  line)

THROMBIN (0 -5u /m l)

BLANK

LF 1

Figure 7.2.

Flow cytometric profiles showing the binding of RFAC-1 and RFAC-4 to 
unstimulated platelets and platelets stimulated with 50uM ADP and 0.5u/ml 
thrombin. The flow cytometric profiles for RFAC-2 and RFAC-3 were 
comparable to that shown for RFAC-4.
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7.2.2. Platelets from Patients with Granule Defects and Albinos.

This section describes RFAC-2 and RFAC-3 (CD62) and RFAC-1 and RFAC-4 (CD63) 

MAb binding to platelets from patients with deficiencies in intracellular organelles and 

also to platelets from an albino without dense body deficiencies and presents some novel 

findings relating to the proposed link between lysosome and melanosome production 

(Novak et al 1984).

In order to confirm the platelet abnormality in each case platelet aggregometry was kindly 

performed either by Dr MJ Powling (RFHSM: the GPS patient) or by Dr RA Hutton 

(RFHSM; the SPD and HPS patients). /3-TG levels were assessed using an ELISA 

method (Boehringer Mannheim UK) and adenine nucleotide levels were assessed using 

the firefly luciferase system described by Holmsen et al (1966). In addition, the dense 

body deficiencies in patients with 5 SPD and HPS were confirmed by a failure of these 

platelets to accumulate the fluorescent dye, mepacrine (Rendu et al 1978) within the 

dense bodies.

Platelet Function Tests:

In line with the a-granule deficiency in GPS, platelets from the GPS patient were found 

to be severely deficient in /3-TG, although the plasma levels of this protein were slightly 

increased. Platelets from this patient aggregated normally in response to ADP (2uM), 

adrenaline (2uM), collagen (lug/ml), arachidonic acid (ImM) and A23187 (5uM). In 

response to low dose thrombin (0.1 - 0.2u/ml), these platelets did not aggregate, but on 

raising the thrombin concentration to 0.5u/ml, aggregation proceeded after a lag. 

Platelets from patients deficient in dense bodies (SPD and HPS) were deficient in adenine 

nucleotides and failed to stain for dense bodies on labelling with mepacrine. Secondary 

aggregation in response to ADP and adrenaline were absent and collagen-induced 

aggregation was severely defective, although aggregation in response to thrombin was 

only partially reduced.

Platelets from an albino patient without a bleeding tendency aggregated normally in 

response to ADP, thrombin and adrenaline, and had normal levels of /3-TG and adenine
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nucleotides, eliminating the possibility of an underlying storage pool deficiency.

Antibody Binding:

Blood was taken from each of the patients either directly into (3-TG anticoagulant (resting 

platelets) or into ACD (thrombin-stimulated platelets). Washed platelets from each 

patient were titrated with a range of thrombin concentrations from 0.01 to 0.5u/ml. In 

general platelet preparations from these patients clotted when stimulated with thrombin 

concentrations of 0.5u/ml, and consequently the maximum expression of each antigen is 

quoted for 0.25u/ml. Platelet preparations from the patient with SPD, however, clotted 

when stimulated with thrombin concentrations in excess of 0. lu/ml. Antibody binding 

was carried out with each of the RFAC MAbs using the indirect immunofluorescence 

method. Control antibodies used in these studies included RUU SP 1.18.1 (CD62) and 

RUU SP2.28 (CD63).

Antibody binding was assessed in terms of the percentage of platelets positive and the 

binding index. Antibody binding to resting platelets from these patients was negligible 

(RFAC-2, RFAC-3, RFAC-4 and RUU SP1.18.1) or weak (RFAC-1 and RUU SP2.28), 

comparable to their reactivity with normal control platelets.

Thrombin-stimulation of Grey Platelets induced an increase in the binding sites, detected 

by RFAC-2 and RFAC-3 (CD62) and RFAC-1 and RFAC-4 (CD63). However, whilst 

the percentage of cells binding both pairs of antibodies was within the normal range (85 - 

95%), the antigenic expression of the antigens bound by RFAC-3 and RFAC-2 

respectively was slightly reduced (BI: 13.5 and 15.5 units) when compared to the normal 

controls (BI: 19.8 and 23 units).

CD62 expression on degranulated platelets from patients with 6 SPD and HPS, was 

within the normal range. However, whilst the CD63 MAbs bound normally to platelets 

from patients with 8 SPD, differences were seen in their reactivity with platelets from the 

patient with HPS. Thrombin induced an increase in the binding of RFAC-1 and RUU 

SP 2.28 but RFAC-4 binding was not increased above the level seen with resting platelets.
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These results are summarised in Figure 7.3.

When thrombin-stimulated platelets from the albino patient without SPD were tested, the 

CD62 MAbs, RFAC-2 and RFAC-3, bound to a similar number of sites on thrombin- 

stimulated platelets as the normal controls. However, of the CD63 MAbs, whilst RFAC- 

1 and RUU SP 2.28 recognised activated platelets from this patient, RFAC-4 failed to 

bind.

Table 7.3 summarises the relative expression of the RFAC-1 and RFAC-4 on platelets 

from the patients with HPS and the patient with albinism.
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Table 7.3.

Binding of RFAC-1 and RFAC-4 to Platelets from Patients with HPS, 
Albinism and to Normal Controls

Binding Index (arbitrary units).

MAb HPS Albinism Normal Control 

(Mean 1  sd; n =  5)

Resting Activated Resting Activated Resting Activated

RFAC-1 1.0 6.3 1.6 6.3 1.6+ 0.4 7 . 7 + 1 . 3

RFAC-4 0.2 0.2 0.2 0.2 0.3 + 0.4 13.4 + 1.5

In general, higher concentrations of thrombin were required to bring about the increase 

in CD62 and CD63 binding to platelets from the patients with GPS and HPS than albino 

platelets or the normal controls and this was reflected in the EC 50’s for thrombin 

stimulation. The EC 50 was not calculated for the patient with SPD, as this patient’s 

blood clotted at thrombin concentrations that were sub-optimal for thrombin activation.
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The EC 50’s for CD62 and CD63 MAbs binding respectively are listed below:

Patient CD62 CD63

(u/ml thrombin)

GPS 0.15 0.14

HPS 0.15 0.15 (RFAC-1 only)

Albino 0.062 0.067 (RFAC-1 only)

Normal Control 0.063 0.065

7.2.3. Peripheral Blood Leucocytes.

Unseparated blood was tested against a panel of known anti-leucocyte MAbs to ensure 

phenotypic integrity, as described in Section 3.3.4. Peripheral blood leucocytes were 

prepared by ammonium chloride lysis of EDTA-anticoagulated blood. Lymphocytes, 

monocytes and granulocytes were identified by their characteristic forward scatter and log 

side scatter profiles in the flow cytometer. Antibody binding was assessed using an 

indirect immunofluoresence method and each antibody was tested over a range of 

antibody concentrations.

CD62 MAbs:

RFAC-2 and RFAC-3 failed to bind significantly to peripheral blood leucocytes as shown 

in Fig 7.4. Five other CD62 MAbs were tested, none of which bound to peripheral 

blood lymphocytes or granulocytes, and three, CLB-thromb/5, CLB-thromb/6 and RUU 

SP1.17.1, also failed to bind significantly to peripheral blood monocytes, these antibodies 

binding to 7%, 2.4% and 3.5% of monocytes respectively. Two MAbs, however, RUU 

SP1.18.1, and RUU SP2.15.1, bound to 49% and 52% of monocytes respectively.
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CD63:

RFAC-1 and RFAC-4 and the known CD63 MAbs, RUU SP 2.28 and CLB/GRAN12, 

bound strongly to peripheral blood monocytes, but a heterogeneous pattern of reactivity 

was detected with peripheral blood lymphocytes and granulocytes (Figure 7.5). RFAC-4 

failed to bind to lymphocytes or granulocytes (13% and 8% of cells were positive 

respectively), but bound 75% of monocytes. RFAC-1, however, bound to the majority 

of peripheral blood monocytes and lymphocytes in addition to a sub-population (53%) of 

peripheral blood granulocytes. The reactivity of CLB/GRAN12 was like that of RFAC-4, 

whilst RUU SP2.28 (SP2.28) grouped with RFAC-1, binding 91% of peripheral blood 

lymphocytes and 99% of monocytes and a subpopulation (24%) of peripheral blood 

granulocytes.
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Lymphocytes Monocytes Granulocytes

SP1.18 4% 54%

RFAC-2 3% 3% 2 %

RFAC-3 2 % 3% 2 %

Figure 7.4*

Flow cytometric profiles showing the binding of RFAC-2, RFAC-3 and a 
control anti-CD62 MAb, RUU SP 1.18.1 (SP1.18 ), to peripheral blood 
leucocytes.
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Lymphocytes Monocytes Granulocytes

SP2.28 99%91% 24%

RFAC-1 98% 77%

RFAC-4 75% 8 %

Figure 7.5.

Flow cytometric profiles showing the binding of RFAC-1, RFAC-4 and a 
control anti-CD63 MAb, RUU SP2.28 (SP2.28), to peripheral blood 
leucocytes.
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7.2.4, Cell Lines.

The cell lines, JM-1, HEL and K562, were tested with a panel of MAbs to ensure 

phenotypic compliance, as described and illustrated in Sections 3.3.5 and 3.3.6.

The characterisation of the four RFAC MAbs was further supported by their reactivity 

with the CD63-positive T-cell line JM-1 (Figure 7.6).

RFAC-1, RFAC-4 and RUU SP2.28 (S2.28), bound >95% of JM-1 cells, whilst RFAC- 

2, RFAC-3 and RUU SP1.18.1 (SP1.18.1) all failed to bind to this cell line.

The reactivity of the RFAC MAbs with two erythroleukaemic cell lines, HEL and K562, 

was assessed before and after treatment with the phorbol ester, TP A. TPA-treatment has 

been shown to increase the expression of several markers of the megakaryocytic lineage, 

as described in Section 3.3.6.

HEL cells have been shown to synthesise a CD62-like protein, which is expressed on the 

plasma membrane following treatment with TPA or DMSO (Yeo et al 1989); K562 

cells, however, fail to express this antigen, either before or after induction of 

megakaryocytic differentiation (Titeux et al 1989).

RFAC-2, RFAC-3 and RUU SP 1.18.1 failed to bind significantly to unstimulated cells 

from either erythroleukaemic cell line. However, binding to HEL cells was markedly 

increased following treatment with TPA, as indicated by an increase in the binding index 

(BI) over the three day period (Figure 7.7). These CD62 MAbs all failed to bind K562 

cells either before or after treatment with TPA (Figure 7.8).

Unstimulated HEL cells and K562 cells have been shown to express a CD63-like antigen 

on the plasma membrane, although the effect of DMSO and/or TPA has not been 

described (Moddermann et al 1989b).

RFAC-1 and RFAC-4, together with a known CD63 MAb, RUU SP2.28 (S2.28), bound 

to more than 90% of HEL and K562 cells (Figures 7.7 and 7.8). The binding index for
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both erythroleukaemic cell lines was within the same range (BI: 20 - 30units), suggesting 

similar levels of antigenic expression. Treatment of either cell line with TPA had no 

effect on the expression of the sites recognised by RFAC-4 and RUU SP2.28, however, 

TPA-treatment of HEL cells induced a much increased expression in the antigen bound 

by RFAC-1, although there was no change in expression of this antigen on K562 cells 

following TPA-induction.
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PER CENT POSITIVE 
5 0 100

CD 2 
CD3  
CD 2 0

Phenotype

U
CD 63 MAbs (GP 53)

S2 2 8
RFAC-1
RFAC-4

CD 62 MAbs (G M P140)

.18.1 n
\C-2 _ ]

SP1 
RFAC- 
RFAC-3 Q

Figure 7.6.

Reactivity of activation-dependent MAbs (RFAC MAbs and control CD62 
and CD63 MAbs) with JM-1 cells. The phenotype of this cell line is shown 
in the top three histograms.
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7.2.5. Tissue Sections.

Tissue sections from patients with Crohn’s disease and from normal patients undergoing 

bowel resection were excised, sectioned and stained using the avidin-biotin 

immunoperoxidase procedure outlined in section 2.11. Crohn’s tissue was chosen as it 

provided both a source of inflammatory endothelium and a high level of cellular infiltrate. 

Each of the RFAC MAbs was tested for reactivity with these tissues and antibody binding 

was also assessed on normal and inflamed tonsil sections although not shown here.

Figure 7.9a shows normal mucosal tissue and Figures 7.9b & c tissue obtained from 

patients with Crohn’s disease, stained with eosin and haematoxylin to illustrate the 

differences in tissue morphology. In the Crohn’s tissue the mucosal wall is greatly 

distorted and there is a marked increase in macrophages and neutrophils infiltrating the 

tissue.

The expression of RFAC-1 and RFAC-4 in tissue sections was markedly heterogeneous. 

RFAC-4 bound to tissue-associated macrophages as determined by comparison with KPI 

(Dako) a known macrophage marker. Figure 7.9d and Figure 7.9e show the distribution 

of macrophages in the mucosal tissue, as identified by these two antibodies. 

Inflammation in this tissue is evidenced by localisation of macrophages within the villi. 

RFAC-1, the MAb which bound to the majority of peripheral blood leucocytes (7.2.3) 

failed to bind to leucocytes in histological sections, but reacted with peripheral nerve 

cells, as seen in Figure 7.9f. This heterogeneous reactivity of RFAC-4 with macrophages 

in gastrointestinal tissue was also seen in the binding of this antibody to macrophages in 

tonsil sections, whether or not inflamed.
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Figures 7.9 

Immunohistology of Gastrointestinal Tissue
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Figure 7.9.

a. Normal gastrointestinal tissue, counterstained with Harris’s Haemotoxylin and 

eosin to show normal colon mucosa morphology.

Mag x 100.

b. Gastrointestinal tissue from a Crohn’s patient, counterstained as above. Evidence 

of inflammation shown by the increase in cellular infiltrate and the distortion of 

the mucosal wall.

Mag x 100.

c. Gastrointestinal tissue from a Crohn’s patient, as decribed above.

Mag x 400.
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Figures 7.9g shows the vasculature within the mucosal tissue: QBEND10 (Serotec) is a 

commercial MAb which binds specifically to endothelial cells and this antibody was used 

to identify small blood vessels.

The CD62 antigen is not only associated with the platelet a-granule but also with the 

Weibel-Palade bodies of vascular endothelium. On endothelial cell activation, CD62 

translocates to the cell surface, in a manner analogous to the re-distribution of the CD62 

antigen during platelet degranulation and its expression on endothelium parallels vWF 

expression.

The two CD62 MAbs, RFAC-2 and RFAC-3, failed to bind to the vessels of normal 

controls, either in the mucosal or serosal tissue. Only a few vessels in tissue sections 

from patients with Crohn’s disease stained for CD62: these vessels were located in the 

serosa and submucosa: vessels in the mucosa failed to stain for this marker. The binding 

of CD62 MAbs appeared to be localised in those regions with evidence of inflamation. 

Figure 7.9h shows the binding of RFAC-2 to one of the small vessels of the submucosa, 

the distribution of the peroxidase label is concentrated on the inner face of the lumen: 

antibody binding was not detected within the cytoplasm of these cells. A similar pattern 

of reactivity was detected with RFAC-3 (data not shown). The reactivity of RFAC-2 and 

RFAC-3 with tonsil sections was similar to the pattern of reactivity described above: 

namely RFAC-2 and RFAC-3 bound to some vessels within the inflamed tissue but not 

in normal tonsil sections.

Figure 7.9i shows the deposition of a platelet plug within one of the small vessels of the 

serosa, identified by the CD41 MAb, RFGP56. A similar pattern of reactivity was 

detected with each of the CD41/61 MAbs. Vessels without platelet plugs failed to stain 

for CD41/61 MAbs, suggesting that these antibodies did not cross-react with the 

vitronectin receptor on endothelial cells. This finding was further supported by the 

observation that the distribution of antibody staining for the CD42 MAb, RFGP37, in 

tissue sections was comparable to that of the CD41/61 MAbs.

A summary of the cellular reactivity of RFAC-1, RFAC-2, RFAC-3 and RFAC- is shown 

in Table 7.4.
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7.3. Discussion.

Four MAbs were raised which bound to proteins expressed preferentially on the surface 

of platelets after activation. The molecular weights of the antigens identified 

corresponded to those described for the a-granule membrane protein, GMP-140 or 

PADGEM (CD62; 140 kDa) and the lysosome membrane protein, GP53 (CD63; 53 

kDa). RFAC-4 also bound a protein of apparent molecular weight 30 - 35 kDa. A 

similar observation has been reported by Nieuwenhuis et al (1987) using the MAb RUU 

SP2.28; this antibody bound a second band of molecular weight 40 kDa, which was 

suggested to be a cleavage product of the 53 kDa protein, induced by thrombin. This 

band was not observed when Western blotting was performed with unstimulated platelets. 

Platelet preparations used in this study were not thrombin-stimulated, and it is therefore 

unlikely that the second band detected here was of a similar origin.

Each of the CD62 antibodies bound to < 5% of resting platelets, but to >90% of 

thrombin-stimulated platelets. ADP-stimulation induced an increase in antibody binding 

in approximately 10% of platelets. Binding of CD62 MAbs to ADP-stimulated platelets 

has previously been described with RUU SP 1.18.1 (Metzelaar et al 1989a), although the 

majority of CD62 MAbs described failed to bind.

A heterogeneous reactivity was detected within the putative CD63 group: RFAC-4 failed 

to bind significantly to resting platelets, whilst RFAC-1 bound to a proportion of 

unstimulated platelets. RUU SP2.28, a known CD63 MAb, bound to an intermediate 

percentage of unstimulated platelets, between that of RFAC-1 and RFAC-4. Differences 

in the binding characteristics of these antibodies may be attributed to differences in 

immunoglobulin subclass and/or antibody affinity (RFAC-1 was an IgM, whilst RFAC-4 

and RUU SP2.28 were IgGl and IgG2a antibodies respectively). As with the CD62 

MAbs, RFAC-1 and RFAC-4 binding increased by approximately 10% on ADP- 

stimulated platelets.

ADP-induced platelet activation is not usually associated with platelet degranulation in 

the absence of platelet stirring or fibrinogen binding. The partial expression of CD62 and
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CD63 on washed ADP-stimulated platelets, although unexpected, may be explained as 

follows. On washing, platelets may become partially activated, rendering them more 

reactive to further stimulation with ADP. As the platelets were only washed once, it may 

be suggested that interactions between ’activated’ GPIIb-IIIa and residual exogenous 

fibrinogen (in addition to secreted endogenous fibrinogen) may stimulate platelet 

degranulation in a sub-set of platelets. This may not be the only mechanism by which 

granule membrane antigens are expressed on the platelet surface, however, as will be 

discussed in Section 8.3, using a whole blood method.

The expression of CD62 and CD63 on platelets from albinos and patients with 8 Storage 

Pool disease, Grey Platelet syndrome and Hermansky-Pudlak syndrome was increased 

following thrombin-stimulation, with the exception of RFAC-4, which was absent on 

platelets from albinos or with HPS.

In this study, CD62 expression on degranulated platelets from patients with GPS was 

reduced, as compared to normal controls, perhaps suggesting an intrinsic difference in 

the number of a-granules per platelet and/or of CD62 molecules per a-granule membrane 

system. Alternatively, the reduced CD62 expression may be due to defective 

translocation to the platelet surface membrane. The studies of Rosa et al (1987) 

quantitating the expression of CD62 in a-granules by immunoassay, showed that platelets 

from patients with GPS contained normal levels of this antigen and that it redistributed 

normally within the plasma membrane. However, whilst these workers showed that 

CD62 expression was within their normal range (6,000 molecules per platelet), this figure 

was reduced when compared to that quoted by McEver and Martin (1984) and George 

et al (1986) (10 -14,000 molecules per platelet).

Patients with GPS have been shown also to have a partial defect in platelet aggregation 

in response to thrombin and collagen (Levy Toledano et al 1981): Ca2+ mobilisation and 

ATP secretion in response to thrombin have also been shown to be delayed (Srivastava 

et al 1987). This impaired response was reflected in the EC 50’s for thrombin 

stimulation, higher thrombin concentrations were required to induce expression of CD62 

and CD63 in these patients. The cause of the abnormality is unclear but has been 

suggested to be due to a defect in PIP2 hydrolysis: the reduced levels of IP3 and IP4
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produced accounting for the delay in Ca2+ mobilisation (Rendu et al 1987b). 

Alternatively, a deficiency in adhesive proteins, such as TSP, contained within the a- 

granule may give rise to a defect in platelet aggregation, failing to augment the secretory 

response, as patients with Grey Platelet syndrome have been shown to lack lectin-like 

activity, important at threshold thrombin concentrations (Gartner et al 1978). However, 

it is unlikely that a deficiency in TSP binding is responsible for the impaired Ca2+ 

mobilisation seen in these patients as Ca2+ mobilisation precedes degranulation and hence 

release of intracellular TSP.

Platelets from patients with HPS were also less responsive to thrombin stimulation: the 

EC 50’s for thrombin being much increased, although the expression of the two antigens 

at maximum thrombin concentrations was within the normal range, suggesting defective 

a-granule and lysosomal release. Rendu et al (1987b) have also shown that platelets 

from patients deficient in dense bodies had impaired thrombin-induced a-granule and 

lysosomal release. This was restored on addition of ADP.

The failure of RFAC-4 to bind to platelets from albinos or platelets from patients with 

HPS may be in line with the recent description of homology between CD63 and the 

melanoma-associated antigen, ME491 (Metzelaar et al 1990). Various lines of evidence 

suggest a close genetic link between melanosomes, lysosomes and dense bodies. From 

studies with beige and pale ear mice it has been shown that a mutation in the genes 

encoding mouse pigmentation is associated with a reduction in lysosomal secretion and 

platelet dense body contents and it has therefore been suggested that master genes can 

simultaneously affect the structure and function of all three organelles (Novak et al 1981 

and 1984). These three subcellular organelles have been shown to share several 

structural and functional features, including a common golgi subcellular origin (Bainton 

et al 1966) and an acid interior. This relationship between melanosomes, lysosomes and 

dense bodies has also been suggested in man; two patients with HPS having been found 

to have reduced thrombin-stimulated secretion of lysosomes (Hardisty et al 1972) as well 

as albinism and dense body deficiencies. Patients with Chediak-Higashi syndrome, a rare 

disorder characterised by large abnormal lysosomes and defective pigmentation of the hair 

and skin, although not studied here, have also been shown to have decreased lysosomal
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secretion. It would be interesting to study platelets from patients with this disorder, to 

determine if these patients are also deficient in the epitope bound by RFAC-4, adding 

further evidence linking lysosomes, melanosomes and dense bodies.

Cellular Distribution of RFAC-2 and RFAC-3:

CD62 is a member of the selectin family (Marx 1989); a family of inducible receptors 

on vascular endothelium, also encompassing ELAM-1 and Mel 14. The interaction of 

neutrophils and monocytes with endothelium and with platelets has been shown to be 

mediated by CD62, expressed on the platelet/endothelial cell surface following activation 

(Larsen et al 1989, Geng et al 1990, Toothill et al 1990). The expression of CD62, as 

detected by RFAC-2 and RFAC-3 binding was found to be largely restricted to platelets 

and endothelium, but was also demonstrated on HEL cells, but not K562 cells, following 

TPA-induced megakaryocytic differentiation, in agreement with the original description 

by Yeo et al (1989).

Following endothelial cell activation, fusion of membranes of the Weibel-Palade bodies 

with the endothelial cell membrane releases stored vWF and exposes the CD62 antigen, 

which is normally localised on the membranes of these secretory organelles (McEver et 

al 1987 Bonifanti et al 1989, Hattori et al 1989). In these studies cytoplasmic CD62 

staining was not seen in unactivated cells, possibly due to its expression at levels below 

that of detection using this methodology. This may have been because the fixation 

procedure was not sufficient to expose intracellular binding sites, possibly 

permeabilisation of endothelial cells with Triton xlOO, as described by Hattori et al 

(1989) may be required to expose these intracellular binding sites. The CD62 antigen 

was detected on the internal face of only some of the small vessels of the serosal and sub

mucosal tissue, despite generalised evidence of inflammation within the tissue sections 

studied. This ’limited’ expression may be accounted for in a number of ways. In studies 

with radiolabelled CD62 antibodies, Hattori et al (1989) demonstrated a marked, but 

transient increase in expression of this antigen, which returned to basal levels thirty 

minutes after endothelial cell stimulation. When endothelial cells were co-incubated with 

agonist and antibody, however, the expression of CD62 on these cells was constant.
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Using this model, Hattori et al (1989) suggested that CD62 might be re-internalised 

following endothelial cell activation. It has also been suggested that the transient increase 

in CD62 expression may be due to re-distribution of the CD62 antigen within the 

endothelial plasma membrane to levels below detection in this system (Bonifanti et al 

1989).

Cellular Distribution of RFAC-1 and RFAC-4:

RFAC-1 and RFAC-4 were grouped in the CD63 cluster on the basis of their Western 

blotting data and preferential reactivity with activated platelets. Electron microscopy has 

shown that the CD63 antigen co-localises with cathepsin D, thus confirming its presence 

within the platelet lysosome (Metzelaar et al 1989b). In contrast to CD62, much less is 

known about the function of the CD63 molecule, although it has been suggested that it 

may exert a protective effect on the lysosomal membrane against the digestive action of 

the lysosomal enzymes (Metzelaar et al 1990).

The cellular reactivity of RFAC-1 and RFAC-4 and that of two CD63 MAbs from the 

Fourth International Workshop was markedly heterogeneous. Whilst RFAC-1 grouped 

with RUU SP2.28 in its reactivity with peripheral blood leucocytes and degranulated 

platelets from patients with HPS and albinism, this antibody did not resemble RUU 

SP2.28 in its reactivity with cell lines and tissue sections. The different binding 

characteristics to tissue sections was also seen when different methods of fixation were 

assessed, suggesting that it was unlikely to be due to denaturation or alteration of the 

antigenic determinants during the processing of the samples. RFAC-4 did, however, 

show a similar pattern of reactivity with cell lines and tissue sections as seen with RUU 

SP2.28, but these two antibodies differed in their reactivity with peripheral blood 

leucocytes and degranulated platelets from patients with HPS and albinism. These 

findings suggest that RFAC-1 and RFAC-4, bind to different epitopes of the CD63 

molecule, or perhaps suggests the presence of sub-groups within the CD63 cluster.

MAbs binding to sites expressed only on activated platelets may have a role in thrombus 

imaging or thrombolytic therapy. The results obtained from these studies suggest that
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CD62 MAbs may be the antibodies of choice owing to their restricted cellular reactivity: 

in addition to the expression of the CD62 antigen on activated platelets, it was shown to 

be expressed on activated endothelium and may thus serve as an additional receptor for 

the specific targeting of these antibodies to areas of vascular damage. The CD63 antigen, 

however, is unlikely to be an appropriate target antigen on account of its expression on 

peripheral blood monocytes and macrophages, which may give rise to high levels of 

background staining and unwanted cellular destruction in imaging and thrombolytic 

therapy respectively. A knowledge of the cellular reactivity of MAbs in vivo is vital for 

the assessment of different antibodies with possible therapeutic applications. In addition 

to CD62, the GPIIb-IIIa receptor (and GPIb) on platelets have also been shown to be 

highly platelet specific. GPIIb-IIIa has been used as a target antigen in a study of 

thrombus imaging, described by Stuttle et al (1990). However, as CD41 MAbs will also 

react with circulating platelets, it may be suggested that CD62 MAbs may be even more 

appropriate for in vivo use - these antibodies binding specifically to activated platelets and 

activated endothelium: CD62 MAbs have been used in at least one study of thrombus 

imaging (Palabrica et al 1989).
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8. Surface Changes Associated with Platelet Activation.

The change in expression of activation markers in vitro following platelet stimulation with 

different agonists may provide valuble information for interpreting activation status of 

patients with certain clinical conditions. This section characterises the expression of CD62 

and CD63, detected by the RFAC MAbs and the change in GPIIb-IIIa and GPIb 

expression following platelet activation in vitro.

8.1 . The Effect o f Thrombin-Induced Platelet Activation on the Expression o f CD62 and

CD63 on the Platelet Surface Membrane.

Washed platelets were stimulated with a range of thrombin concentrations from 0.001 to 

0.4u/ml thrombin. Antibody binding was assessed by indirect immunofluorescence and 

analysed by flow cytometry and expressed either as the percentage of cells positive for 

each MAb, or as the binding index (BI).

A dose-dependent increase in RFAC-2 and RFAC-3 binding was observed following 

platelet stimulation with thrombin, once a threshold concentration of 0.03u/ml thrombin 

was exceeded (Figure 8.1). The increase in binding of these two antibodies, measured 

as the percent of cells positive, was highly correlated (Pearson Correlation Coefficient: 

R =  0.999). CD62 binding was maximum at thrombin concentrations greater than 

O.lu/ml. The maximum expression of the antigens detected by these antibodies, 

measured in terms of the binding index, were 2 3 + 6 .4  and 19.8 + 2.56 units for RFAC-2 

and RFAC-3, respectively (Figure 8.2). On applying a Students ’t’ test, these values 

were not found to be significantly different (p > 0.1).

Differences were observed in the binding of RFAC-1 and RFAC-4 to both unstimulated 

platelets and platelets stimulated with thrombin. As before (Section 7.2.1), RFAC-1 

bound to a proportion of resting platelets and to platelets stimulated with sub-optimal ( 

< 0.03u/ml) concentrations of thrombin, but RFAC-4 failed to bind to resting platelets 

or platelets stimulated with thrombin concentrations of less than 0.03u/ml. Following 

thrombin-induced platelet activation, there was a concentration-dependent increase in
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RFAC-1 and RFAC-4 binding, as seen in Figure 8.1, reaching a maximum at thrombin 

concentrations in excess of O.lu/ml.

On calculating the binding indices (Figure 8.2.), and hence the relative expression of the 

two antibodies, differences were seen: RFAC-4 bound to significantly fewer sites on 

resting but significantly more sites on thrombin-activated platelets than RFAC-1 (BI: 13.4 

1 1.54 as compared to 7.7 1 1.35 units; p <  0.001).

Comparison of CD62 and CD63 Expression on Platelet Degranulation:

The thrombin-dose response curves for both CD62 (RFAC-2 and RFAC-3) binding and 

CD63 (RFAC-1 and RFAC-4) binding were very similar, showing that lysosomal and a- 

granule membrane expression were induced over a comparable range of thrombin 

concentrations (R ranged between 0.990 to 0.997). The EC 50’s for thrombin stimulation 

for each of the MAbs were essentially the same, and are listed below:

MAb EC 50

RFAC-1 0.062 u/ml thrombin

RFAC-2 0.064 u/ml thrombin

RFAC-3 0.063 u/ml thrombin

RFAC-4 0.065 u/ml thrombin

However, the number of sites bound by the CD62 and CD63 MAbs was significantly 

different; RFAC-2 and RFAC-3 bound between 1.5 to 1.7 fold more sites than RFAC-4 

and approximately 3 fold more sites than RFAC-1 (p <  0.005).

These data indicate that following platelet degranulation, expression of the a-granule 

membrane protein, GMP-140 (CD62), exceeds that of the lysosomal granule membrane 

protein, GP53 (CD63).
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8.2. The Effect o f Thrombin-Induced Platelet Activation on the Expression of GPIIb-IIIa

and GPlb on the Platelet Membrane Surface Membrane.

Changes in the surface expression of GPIIb-IIIa and GPlb following thrombin stimulation 

have been reported (George et al 1986, Niija et al 1987, George and Torres 1988). In 

this section a comparison of these changes in expression with those of the CD62 and 

CD63 MAbs was made. As the percentage of platelets expressing GPIIb-IIIa or GPlb 

detected by the RFGP MAbs and M148 approximated 100% on both the thrombin- 

stimulated and unstimulated platelets, the binding index and the MFI were essentially the 

same. Following thrombin-induced platelet activation, a concentration-dependent increase 

in GPIIb-IIIa binding was observed, as shown in Figure 8.3.

The EC 50’s for were within the range 0.02 to 0.03 u/ml thrombin for each of the 

antibodies tested and are listed below;

MAb EC 50

RFGP56 0.025u/ml thrombin 

M148 0.03u/ml thrombin

RFGP41 0.02u/ml thrombin

RFGP52 0.03u/ml thrombin

However, the expression of the sites bound by the ’total inhibitors’, RFGP56 and M148, 

on thrombin-stimulated platelets, determined from the MFI/binding index, was 

significantly greater than those bound by the ’partial inhibitors’, RFGP41 and RFGP52 

(p < 0.001), although there was no significant difference between the members of each 

pair of antibodies.

In contrast to these findings, thrombin-stimulation was found to induce a marked 

reduction in the platelet surface binding of RFGP37, the MAb raised against GPlb. 

Expression of this antigen decreased by 55% at maximum thrombin concentrations. 

There was a strong correlation between decreasing GPlb expression and increasing 

GPIIb-IIIa expression (R =  0.997, EC 50 = 0.32u/ml thrombin).
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Also shown for comparison is an ADP dose response curve (Figure 8.3). Platelet 

stimulation with ADP failed to induce a change in either CD41/61 or CD42 MAb 

binding.

Comparison of the thrombin dose response curves obtained for the granule membrane 

markers, CD62 and CD63, with those obtained for the plasma and membrane 

glycoprotein, GPIIb-IIIa, showed that an increase in GPIIb-IIIa expression could be 

observed at thrombin concentrations of O.Olu/ml, (EC 50: 0.02 - 0.03u/ml thrombin) 

whilst CD62 and CD63 expression remained unchanged at thrombin concentrations less 

than 0.03u/ml (EC 50: 0.06- 0.065 units/ml thrombin).

Thrombin-induced activation can therefore promote an increased expression of GPIIb-IIIa 

(or decrease in GPlb expression) at lower thrombin concentrations than those required 

to bring about degranulation.

8.3. The Binding ofRFAC MAbs to Platelets Stimulated with ADP in a Whole 

Blood Environment.

In characterising the RFGP MAbs and in assessing thrombin-induced changes in the 

expression of CD62 and CD63, antibody binding was assessed using a washed platelet 

suspension. However, in assessing the in vivo activation status of platelets from patients 

it is essential to avoid further activation in vitro resulting from blood collection or platelet 

isolation. For this reason, a simple and direct whole blood assay was developed, in 

which blood was processed within 10 minutes of blood collection and analysed within 2 

hours. In this way it was possible to study the effects of ADP-stimulation in detail, 

independently of possible activation artefacts, induced by washing. This method has been 

shown (Shattil et al 1987) to enable the effects of a wide range of agonists on platelet 

activation to be assessed using only very small quantities of blood.

Blood was collected into either the /3-TG anticoagulant, to reduce the possibility of 

activation artifacts induced in vitro, and into citrate. 5ul of whole citrated whole blood
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was diluted in 50ul of HEPES buffer (pH 7.4) in the presence or absence of ADP. 

Antibody binding was assessed using a direct immunofluorescence method and samples 

were analysed by flow cytometry.

Platelets analysed from blood collected
into /3-TG anticoagulant failed to express binding sites for RFAC-2, RFAC-3 or RFAC- 

4: binding was 2.4 + 0.76% 1.2% and 1.9 ± 0.5% respectively. A similar level of

antibody binding was seen when platelets were collected into citrate in the absence of any 

agonist, suggesting that the sampling and analysis did not in itself cause platelet activation 

(Figure 8.4). Antibody binding to resting platelets was, however, significantly less than 

that seen when washed platelets were prepared. A comparison of the data assessing 

antibody binding to washed platelets and whole blood is shown in Table 8.1.

The platelets used in this study were also stimulated with lOuM and 50uM ADP. The 

expression of the sites detected by the CD62 MAbs was unchanged following platelet 

activation (p <  0.2). This contrasted with the results obtained using washed platelets, 

where approximately 10% of cells expressed the CD62 antigen (Table 8.1).

CD63 expression, detected by RFAC-4 binding, was however, significantly increased: 

this antibody bound to 6.6 1  0.95% (p < 0.001) and 7.4 1 2.0% (p <  0.001) of 

platelets stimulated with lOuM and 50uM ADP respectively: this increase in antibody 

binding was comparable to that seen when washed platelets were stimulated with this 

agonist.

RFAC-1 was not included in this assay, as this antibody caused the blood to agglutinate.
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Table 8.1.

A Comparison of the expression of CD62 and CD63 on Resting and ADP 
Stimulated Platelets (lOuM) using Two Different Methods.
Mean 1  sd; n =  5.

MAb Whole Blood Washed Platelets

Resting ADP Resting ADP

RFAC-2 3.4 1  1.2 2 .9 1  1.0 5 .9 1 3 .6

+ 
1 

oo 10.2

RFAC-3 2.4 1  0.76 3.1 1 1.2

00 
+ 

1 
cn 
00* 2 2 .0 1 13.0

RFAC-4 1.9 1 0 .5 7.4 1 2.0 5 .6 1 3 .5 12.3 1 7.2

230



8.5. Discussion.

Expression of Platelet Membrane Glycoproteins on Activated Platelets:

Platelet stimulation with thrombin gave rise to a rapid increase in the expression of CD62 

and CD63 detected by RFAC-2 & RFAC-3 and RFAC-4 respectively. The EC 50 for 

thrombin was very similar for the two antigens suggesting that a-granule membrane and 

lysosomal membrane expression were occurring concomitantly. This finding is at 

variance with studies monitoring a-granule and lysosomal release by secretion of proteins 

and/or enzymes from platelet granules (Kaplan et al 1979, Holmsen and Day 1970), 

where higher concentrations of thrombin were required to induce secretion of lysosomal 

than a-granule contents. However, as it has been shown that some lysosomal enzymes 

are liberated at lower thrombin concentrations than others, it has been suggested that 

either two main groups of lysosomes may co-exist (Kaplan et al 1979) or that different 

lysosomal enzymes may be located within different compartments within the lysosome 

(Akkerman et al 1980). In the experiments of Kaplan et al (1979), lysosomal 

degranulation was monitored by /3-glucuronidase release, however, Akkerman et al 

(1980) showed that the release of a second lysosomal enzyme, N-acyl-/3-D-glucuronidase, 

preceded that of /3-glucuronidase.

It has also been suggested (Siegel and Luscher 1967) that some lysosomal enzymes might 

be bound more tightly to the same lysosomal granule membrane than others, giving rise 

to a selective expression of some lysosomal proteins in the ambient media following 

platelet degranulation, perhaps due to different rates of lysosomal enzyme solubilisation. 

Thus there may not be a direct correlation between the liberation of different lysosomal 

enzymes and the expression of CD63 on the platelet surface.

Whilst all MAbs bound to between 80 - 95% of thrombin-stimulated platelets, the 

expression of the CD62 antigen was 2 - 3  fold greater than that of the CD63 antigen, 

when measured in terms of the binding index. This finding was in agreement with that 

of Metzelaar et al (1991a), and may be a direct consequence of the increased number of 

a-granules per platelet and/or a reflection of the number of molecules of CD62 and CD63 

per membrane system. These findings contrast with estimates for the number of binding
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sites described by Nieuwenhuis et al (1987) (CD63) and McEver and Martin (1984) 

(CD62): both groups finding approximately 10 - 14,000 binding sites per platelet.

Platelets contain an intracellular pool of GPIIb-IIIa (Woods et al 1986, Wencel Drake et 

al 1986), that has recently been shown to be localised not only on the membranes of the 

SCCS but also on the a-granule membrane (Cramer et al 1990). Following platelet 

stimulation and platelet degranulation, GPIIb-IIIa complexes are translocated from the 

intracellular stores and expressed on the platelet surface (Wencel-Drake et al 1986).

In this flow cytometric method thrombin-stimulation was found to induce a doubling in 

the expression of GPIIb-IIIa on the platelet surface, as monitored by RFGP56, RFGP41, 

M148 and RFGP52 binding. These findings were in agreement with those of Niija et al 

(1987) and George and Torres (1988) in which the number of CD41 binding sites was 

determined by 125I radiolabelling studies. Whilst the expression of the antigens bound by 

each of the antibodies increased over the same range of thrombin concentrations, 

differences were seen between the antibodies. RFGP56 and M148 (two MAbs with 

similar effects on platelet function and which competed for mutually-exclusive sites on 

GPnb-IIIa) bound to a significantly higher proportion of sites than RFGP52 and RFGP41. 

The reasons for these differences in antibody binding were not clear, but may suggest 

differences in steric constraints imposed on the epitopes bound, leading to a decreased 

accessibility of the site(s) bound by the different groups of antibodies. Alternatively, 

antibody binding sites may be obscured/masked on the binding of adhesive ligands, 

however, this seems unlikely in the light of the earlier observations with ADP-stimulated 

platelets (Section 6.7), showing no change in antibody binding following ligand binding.

Platelet stimulation with thrombin caused a halving in the expression of GPlb on the 

platelet surface membrane, in agreement with the reduction of CD42 MAb binding 

reported by George et al (1986), but less than that reported by Michelson and Barnard 

(1991) who reported a decrease in antibody binding by approximately 80%. The 

decrease in GPlb expression was detected at thrombin concentrations of 0.01 u/ml 

thrombin, again in agreement with George and Torres (1988).

Studies monitoring CD42 expression by platelet surface radiolabelling and SDS-PAGE 

have shown that the loss of CD42 MAb binding was not due to a loss of GPlb from the
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platelet membrane (George et al 1980). These workers later suggested that this loss was 

due to a change in platelet shape or due to a conformational change in the GPlb molecule 

on platelet activation (George and Torres 1988), as although the GPlb antigen was 

inaccessible to CD42 MAbs, it was still susceptible to cleavage by the non-penetrating 

enzyme, chymotrypsin. On the grounds of this observation, they suggested that 

internalisation of GPlb was unlikely, and proposed a model in which GPlb underwent a 

major conformational change, obscuring the vWF and CD42 MAb (AP-1) binding sites. 

However, from studies with a panel of MAbs directed against a discrete epitopes on the 

GPIb/IX complex, Michelson and Barnard (1991) found that each antibody underwent a 

parallel reduction in binding and suggested that a putative conformational change would 

be unlikely to elicit this effect.

Recent data have suggested that the thrombin-induced reduction in binding of CD42 

MAbs is in fact due to internalisation of the complex. In studies of ultra-thin sections 

of thrombin-stimulated platelets and Triton X I00 permeabilised thrombin-stimulated 

platelets, Hourdille et al (1990a) demonstrated an increased presence of GPlb within the 

surface connected membrane systems. The mechanism by which the GPlb antigen is 

internalised, however, has not been elucidated. It has been suggested that a translocation 

mechanism may be operative: GPlb is linked to the cytoskeleton by actin-binding protein 

and thrombin-induced polymerisation of actin-binding protein may mediate this 

translocation. This finding was supported by the observation that cytochalasin E, an 

inhibitor of this process, also inhibited the decrease in MAb binding (George and Torres 

1988). Alternatively, the association of GPlb with the cytoskeleton may in fact anchor 

the complex within the membrane, so that the GPlb molecule fails to redistribute within 

the rapidly forming membrane system. This suggestion may also explain the sparsity of 

GPlb staining on the pseudopodial projections observed by Hourdille et al (1990a). 

Following platelet stimulation, various lines of evidence have suggested that large 

vacuolar structures appear at the neck of the SCCS (Wencel-Drake et al 1986), allowing 

access of antibodies or chymotrypsin molecules to intracellular compartments. If this is 

the case, this may explain the discrepant results between the studies of Hourdille et al 

(1990a) and George and Torres (1988).
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Michelson and Barnard (1990) showed that platelets can in fact replenish surface GPlb, 

by recruiting GPlb from intracellular sources, and thus up-regulate the surface expression 

of this molecule. Up-regulation of GPlb, however, was shown to be independent of the 

microfilament system, in contrast to down-regulation, and has been suggested to be 

mediated by a transmembrane signalling event, a pH gradient through successive 

membrane compartments or by GTP-binding proteins (Lingappa 1989).

The present results showed that whilst thrombin concentrations of 0.01 u/ml were able to 

induce an increased expression of GPIIb-IIIa, CD62 and CD63 expression was not 

observed until a threshold concentration of 0.03u/ml thrombin was exceeded: this was 

reflected also in the EC 50 for thrombin-stimulation as the EC 50 for CD62 and CD63 

MAb binding was induced at a concentration twice that for CD41 and CD61 MAbs. 

These results may suggest that the initial increase in GPIIb-IIIa expression is due to 

translocation from within the membrane system of the SCCS, a mechanism independent 

of secretion, whilst expression of CD62 and CD63 and further GPIIb-IIIa is only induced 

by degranulation.

The observation that GPIIb-IIIa and GPlb undergo parallel but opposing changes in 

expression following platelet stimulation with thrombin in vitro, may have important 

applications in the in vivo adherence of platelets to damaged endothelium. Whilst the 

initial phase of platelet adhesion is mediated by interactions between GPlb and vWF, 

various lines of evidence suggest that additional mechanisms may also be present, such 

as binding of vWF to GPIIb-IIIa (Weiss 1986) particulary in conditions of high shear 

stress, such as obtained in the microcirculation. In view of the changing expression of 

the two platelet surface glycoproteins on platelet activation, it may be speculated that 

increases in GPIIb-IIIa expression may augment the adhesive response, ’taking over’ from 

GPlb in mediating platelet adherence after initial attachment.

To assess the activation status of platelets from patients at risk of thrombosis a method 

with minimal post sampling manipulation is required. A sensitive assay was therefore 

developed to assess the activation status of platelets in the circulating blood and to 

monitor the expression of markers of platelet activation on the platelet surface following
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in vitro stimulation. However, it is important to note that no method, however sensitive, 

can avoid activation during a traumatic or prolonged venepuncture. Platelet activation 

was not induced during the assay procedure, as there was no significant difference in the 

binding of RFAC MAbs to platelets collected into citrate or (3-TG anticoagulants. The 

expression of CD62 and CD63 was less than that of unstimulated platelets using the 

washed method, suggesting that washing did cause some activation. In an investigation 

of CD62 antigen exposure, McEver and Martin (1984) showed that whilst gel filtered 

platelets expressed only about 100 molecules per platelet, washed platelets bound 

approximately 800 molecules, showing that the isolation procedure greatly influences the 

status of the apparently resting platelets. In contrast to the studies using washed platelets, 

CD62 expression was not induced on ADP-stimulated platelets in whole blood, although 

CD63 expression (RFAC-4 binding) was detected on approximately 8% of platelets. This 

was an unexpected finding, apparently suggesting that lysosomal release is more readily 

induced in response to ADP than a-granule release.

The role of the CD63 molecule has not yet been fully elucidated; two possible roles, 

however, have been suggested. Firstly that CD63 may maintain the acidic milieu 

(Metzelaar et al 1990a), protecting the platelet against the proteolytic enzymes contained 

within the lysosomes. Secondly, by comparison with other glycoproteins associated with 

the lysosomal membrane, it may be suggested that CD63 has a role in mediating an 

exo/endocytic pathway. Kinetic and morphologic studies with the chicken LAMP-1 

analogue, LEP100, has suggested a rapid cycling between the lysosomes and the cell 

surface: the steady state distribution of this antigen was 90% lysosome, 2 - 3 %  plasma 

membrane and 5 - 8 % endosome (Lippincott-Schwartz and Fambrough 1986 and 1987). 

In agreement with this observation, Furuno et al (1989a and 1989b) showed that the rat 

LAMP-1 analogue, Igpl20, circulated via the endocytic pathway in primary cultured 

hepatocytes. The rodent LAMP-1 analogues, together with LAMP-1 and LAMP-2 in 

humans, have all been shown to bear a common Gly-Tyr dipeptide sequence, which is 

highly conserved within the lysosome family, and this molecule has been shown to be 

necessary for the efficient targeting of these proteins to the lysosomes (Williams and 

Fukuda 1990, Peters et al 1990). Whilst CD63 and members of the LAMP family are 

distinct, it has been shown that CD63 also bears a Gly-Tyr dipeptide sequence, located
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at a very similar position to that of LAMP-1 (Metzelaar et al 1991b). It may therefore 

be speculated that CD63, as with LAMP-1, may also cycle between the plasma 

membrane and lysosome, possibly in response to weak agonists, such as ADP. In this 

way the expression of CD63, prior to the release reaction might be explained.

MAbs binding to determinants only exposed on the platelet surface following platelet 

activation may be useful in the detection of activation-induced changes in the expression 

of platelet membrane glycoproteins. One of the earliest changes induced on platelet 

activation is a change in the GPIIb-IIIa complex, exposing a previously cryptically located 

fibrinogen binding site (Shattil et al 1984, Coller 1984), which in addition to binding 

fibrinogen can, under the appropriate conditions, also bind vWF, fibronectin and 

vitronectin; changes in the GPIIb-IIIa conformation can be detected by PAC-1, a 

monoclonal antibody which binds only to the activated form of the GPIIb-IIIa complex. 

Binding of ahesive ligands to GPIIb-IIIa can also be detected, in this study by polyclonal 

and monoclonal antibodies directed against fibrinogen and vWF respectively (Chapter 6); 

other studies have described monoclonal antibodies which bind to adhesive ligands only 

when associated with the GPIIb-IIIa complex, (Receptor-induced Binding Sites (RIBS); 

Zamarron et al 1989). In contrast, antibodies have been raised which only bind to the 

GPIIb-IIIa complex subsequent to the binding of adhesive ligands (Ligand-Induced 

Binding Sites (LIBS); Frelinger et al 1988 and 1990), possibly binding to a conformation- 

dependent site induced on receptor occupancy. Antibodies directed against granule 

membrane proteins, expressed on the platelet surface following platelet secretion, have 

also been shown to have a role in the detection of activated platelets; the most well 

characterised of these being CD62 and CD63 (Hsu-Lin et al 1984, Nieuwenhuis et al 

1987).

In this study polyclonal anti-fibrinogen and monoclonal CD41/61, CD42, CD62 and 

CD63 antibodies were used to detect platelet activation in vitro to assess their possible 

application in clinical studies and to determine the expression in response to physiological 

agonists.

Resting platelets express about 50,000 molecules of GPIIb-IIIa per platelet and on platelet
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activation this figure may approximately double. However, assessing platelet activation 

by monitoring changes in GPIIb-IIIa expression has several limitations. In normal 

platelets the number of GPIIb-IIIa molecules per platelet may vary considerably between 

individuals, making abolute counts and comparisons with normal controls uninformative. 

The expression of this antigen has been shown to be decreased in some studies of 

cardiopulmonary bypass (George et al 1986, Dechevanne et al 1987, Wenger et al 1989) 

but increased in others (Metzelaar et al 1991a). Whilst increases in GPIIb-IIIa expression 

are indicative of exposure of a previously cryptically located pool of GPIIb-IIIa receptors 

or an increased accessibility of antibody binding sites, decreases may suggest platelet 

fragmentation shown by the presence of platelet membrane microparticles bearing the 

GPIIb determinant (George et al 1986). Alternatively a reduction in antibody binding 

may be due to ligand-induced conformational changes in the GPIIb-IIIa complex, altering 

the antibody binding site in such a way to prevent antibody binding.

A selective expression of CD63 but not CD62, has been observed in clinical conditions 

associated with increased platelet activation. During cardiopulmonary bypass surgery 

(George et al 1986, Nieuwenhuis et al 1987, Abrams et al 1990) the platelet surface is 

subjected to physical and biochemical forces, such as shear stress, thrombin generation 

and ADP release from red blood cells and platelets, which may have a role in inducing 

platelet activation. Previous reports have demonstrated increased platelet activation in 

patients undergoing cardiopulmonary bypass measured in terms of PF4 and /3-TG release 

(Harker et al 1980, Celia et al 1983, van Oost et al 1982), an increase in platelet 

membrane microparticles (George et al 1986) and fibrinogen receptor exposure (Abrams 

et al 1990). In a study assessing blood from patients undergoing cardiopulmonary bypass 

surgery, Nieuwenhuis et al (1987) found an increase in the number of platelets expressing 

CD63, as detected by RUU SP 2.28, which correlated with the increase in jS-TG levels 

in the plasma: changes in CD62 expression were not analysed. Other studies using CD62 

MAbs, however, failed to detect significant change in the expression of this antigen under 

similar conditions to those described by Nieuwenhuis et al (1987), in which CD63 

expression was increased (George et al 1986, Abrams et al 1990). In patients with 

severe bums, a situation in which widespread damage to the microvasculature is seen, 

Nurden et al (1991) was able to demonstrate an increase in CD62 expression. The
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observation that CD62 expression was unchanged in cardiopulmonary bypass patients but 

increased in bums patients (Nurden et al 1991) may reflect differences in the degree of 

in vivo activation, but also may reflect alterations in the reticuloendothelial system.

In our own studies, in vivo platelet activation has been assessed using the MAbs (RFAC- 

4 and R-anti-fibrinogen) and the whole blood method described here in patients with PVD 

and pre-eclampsia and those undergoing haemofiltration.

CD63 expression and fibrinogen binding were assessed on resting platelets and platelets 

stimulated with 0.1, 1.0 and lOuM ADP. Patients undergoing haemofiltration on 

intensive care, in whom platelets are activated by the extracorporeal filter, were 

compared with acute trauma patients and normal controls. Both patient groups had 

multiple intravascular cannulae and blood was taken from an indwelling arterial line. The 

haemofiltered patients’ platelets had significantly higher levels of bound fibrinogen and 

CD63 expression than either the normal controls and the acute trauma patients. 

Following platelet stimulation with ADP, fibrinogen binding was much decreased, but 

there was no difference in CD63 expression. The decrease in fibrinogen binding, perhaps 

being indicative of platelet refractoriness owing to in vivo platelet stimulation (Beer et 

al 1988).

In the PVD patients, CD63 expression was significantly increased on both resting and 

ADP-stimulated platelets as compared to normal age-matched controls (p < 0.025, n =  

25), a finding in line with the suggestion that PVD is associated with in vivo platelet 

activation and a hyperresponsiveness to agonist-induced platelet stimulation. There was 

no significant difference from normal controls in fibrinogen binding to platelets stimulated 

with 0.1 and l.OuM ADP, but fibrinogen binding was reduced in response to lOuM 

ADP. Although this might have been indicative of platelet refractoriness, this was 

considered unlikely in view of the observation that ADP-induced lysosomal degranulation 

was increased and might be explained by an imbalance of sex distribution between the 

PVD patients and the controls: age-matched female controls were found to bind more 

fibrinogen than males, but whilst the ratio of men to women in the control group was
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1:1, the ratio in the PVD group was 5:2.

In a continuing clinical trial carried out by Dr SL Janes (RFH) in association with the 

MRC sponsored CLASP trial, platelet activation is being studied by these means in 

pregnant women with and without preeclampsia (PET) and pregnancy-induced 

hypertension at different stages in their pregnancy. Preliminary studies have been 

performed in which twenty-five women hospitalised with pre-eclampsia or pregnancy- 

induced hypertension (PIH) were compared with twenty-five normal, non-pregnant 

controls: fibrinogen binding and expression of CD63 were significantly increased in the 

preeclamptic women as compared to the normal controls (p < 0.001). Normal controls 

and pregnant women with PIH were not found to have raised levels of either RFAC-4 or 

fibrinogen.

Following platelet stimulation with lOuM ADP, women with PET and PIH were also 

found to have increased lysosomal (CD63) expression, as detected by RFAC-4 ( p <  

0.001) (Janes et al 1991). There was no significant difference between normal controls 

and pregnant women with either PET or PIH in terms of fibrinogen binding. Although 

not described here, pregnant women without pregnancy-induced complications are being 

analysed, but the results await the ’decoding’ of the trial.

A summary of the data from these clinical trials is shown in Table 8.2. As can be seen 

the change in expression of the CD63 antigen and bound fibrinogen is different in 

different clinical situations. Thus, to assess the activation status of various patient 

groups, it may be more informative to measure both fibrinogen binding and CD63 

expression on ADP-stimulated platelets.

To conclude, these results suggest that the analysis of a panel of different activation 

markers may provide a valuable insight as to the activation status of patients either at risk 

of a thrombotic event or in patients in which platelet activation is induced during a 

clinical procedure. Whilst the CD62 antigen has only been shown to be increased in 

situations of gross in vivo activation, (as seen in bums patients; Nurden et al 1991), 

CD63 expression was induced in situations where no change in CD62 expression was 

seen (such as during cardiopulmonary bypass surgery; Nieuwenhuis et al 1987, George
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et al 1986, Abrams et al 1990), and thus may be a more sensitive marker of platelet 

activation than CD62. The use of a panel of different MAbs, specific for different stages 

of platelet activation, may therefore provide detailed information as to the extent of 

platelet activation in vivo and of platelet hyperresponsiveness following in vitro 

stimulation. The information provided from measurement of the expression of specific 

activation markers may provide information useful, not only in the diagnosis of 

established thrombotic states, but also in the detection of patients at risk of a thrombotic 

event.
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Activation-Specific Neo-Antigens on Platelets 
Detected by Monoclonal Antibodies
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London, UK

Activation of platelets by natural agonists such as ADP or thrombin 
causes a number of morphological and biochemical changes which enable 
these normally passive cells to engage in aggregation and the promotion of 
procoagulant activity.

On stimulation with weak agonists such as ADP and epinephrine, the 
platelet membrane glycoprotein (GP) Ilb-IIIa complex undergoes a confor
mational change and converts to a functional fibrinogen receptor. Stimula
tion with strong agonists such as thrombin or collagen, or binding of 
fibrinogen to the activated GPIIb-IIIa complex, leads to degranulation of 
the platelets. Alpha granules, dense bodies and lysosomes migrate to the 
platelet surface and fuse with the plasma membrane, releasing their con
tents. In addition, neo-antigens, derived from the granule membranes, 
become exposed on the platelet surface. The best characterised of these is 
the PADGEM or GMP-140 antigen [1,2] which derives from the alpha 
granule membrane. A second marker has been described which is a 
glycoprotein of apparent molecular weight 53 kDa deriving from the 
platelet lysosomal membrane [3].

There is evidence of platelet activation in a number of vascular 
disorders, as determined by the presence of platelet release products such as 
thromboxane A2, platelet factor 4 or P-thromboglobulin in the circulation. 
It has been proposed that the detection of circulating activated platelets, 
rather than their secreted products, may be a more useful prognostic 
indicator of vascular disease, and, in particular, cardiovascular events.

The use of specific monoclonal antibodies to antigens exposed on the 
surface of activated platelets, coupled with the technique of flow cytometry 
offers an accurate and quantitative method for detecting small subpopula
tions of activated platelets ex vivo.

Such studies need an understanding of the way in which these neo
antigens are exposed in response to various agonists. In this paper we



Platelet Activation Antigens Detected by MAbs 195

describe four MAbs, raised in our laboratory, that recognise activated but 
not resting platelets. Two (RFAC2 and RFAC3) have anti-GMP 140-like 
reactivity and recognise a glycoprotein of 140 kD. Two (RFAC1 and 
RFAC4) have anti-gp 53-like reactivity but show heterogeneous binding to 
resting and ADP-stimulated platelets. We outline the relative expression of 
these antigens on platelets stimulated with different agonists and we 
describe two-colour flow cytometric methods that can be performed on 
microlitre quantities of whole blood, for the simultaneous detection of early 
markers of activation and of degranulation.

Materials and Methods

Monoclonal Antibodies
RFAC1, RFAC2, RFAC3 and RFAC4 were produced from Balb/c mice immunised 

with thrombin-activated platelets. The anti-GMP-140 MAb SP1.18.1 and the anti-gp53 MAb 
S2.28 were kindly provided by Dr. Karel Nieuwenhuis.

Flow Cytometric Analysis o f Washed Platelets
Blood from normal healthy donors was collected, without venous pressure, into either 

acid-citrate-dextrose (ACD) or into ACD containing 1.4 mM EDTA, 1 mAf adenosine and 
2m M  theophylline, to prevent activation. PRP was prepared by centrifugation at 1,200- 
1,300 rpm and the platelets sedimented by centrifugation at 1,600 rpm for 10-15 min and then 
resuspened at 1 x 108 cells/ml in Hepes buffer (pH 7.4).

The platelets from blood collected into ACD were stimulated for 10 min at room 
temperature with 50 \jlM  ADP (Sigma Chemical Co.) or for 10 min at 37°C with 0.05-0.5 U/ 
ml thrombin (Calbiochem), then fixed for 5 min in 1% paraformaldehyde and diluted 1:4 with 
Hepes buffer (pH 7.4).

Fifty-microlitre aliquots of each sample were incubated with 50 /*1 of a 1:100 dilution of 
ascites, for 30 min at 20°C, washed with 10 ml Hepes buffer and then incubated for 30 min 
with 5 fi\ of FITC-conjugated F(ab')2 rabbit anti-mouse Ig (Dako). Following a final wash the 
cells were analysed in a Coulter EPICS Profile II flow cytometer.

Two Colour, Whole Blood Flow Cytometry
This method was a modification of that of Warkentin et al. [4]. Blood was collected into 

ACD with or without inhibitors of activation as described previously. Five microlitres of 
whole blood was diluted in 50 fi\ Hepes buffer and co-incubated with 5 /zl 1:2 FITC rabbit 
anti-fibrinogen and 5 /xl 1:100 RFAC4 ascites, with or without 0.01 U/ml thrombin. After a 
20 min incubation 3 ^1 of phycoerythrin (PE)-conjugated goat anti-mouse Ig (Becton Dickin
son UK, Ltd.) were added for a further 20 min, followed by 0.5 ml formaldehyde-saline. All 
procedures were carried out at room temperature.

Results and Discussion

Four MAbs which recognise thrombin-activated but not resting 
platelets have been characterised. Western blotting studies showed that two
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of these, RFAC1 and RFAC4, recognise a glycoprotein o f apparent 
molecular weight 53 kD, whilst two, RFAC2 and RFAC3, recognised one 
of 140 kD. »

Figure 1 shows typical flow cytometer profiles for the binding of 
RFAC4 (fig. la) and RFAC1 (fig. lb). RFAC4 binds minimally to resting 
and ADP-stimulated platelets but recognised >90%  of those activated 
with thrombin. An identical pattern o f binding was observed with the 
anti-GMP-140 MAbs RFA2, RFAC3 and SP1.18.1. RFAC1, however (fig. 
lb), bound to 20% of resting platelets. ADP caused a small increase in this 
binding but thrombin induced RFAC1 binding in >90%  of the platelets. 
This pattern o f reactivity was identical to that seen with the anti-gp53 
MAb, S2.28. Thrombin dose-response curves for all four MAbs were 
identical, giving an EC50 value o f 0.063 +  0.002 U/ml thrombin.

Anti-gp53 MAbs have been shown to react with the JM1 T cell line. 
We found that the gp53 MAbs RFAC1, RFAC4 and S2.28 all bound to 
>95%  JM1 cells whereas the GMP-140 MAbs RFAC2, RFAC3 and 
SP1.18.8 bound to <2%  of these cells. The three anti-GMP 140 MAbs also 
did not bind to peripheral blood leucocytes (PBLs) whereas RFAC1 
resembled S2.28 in that it bound to the majority o f peripheral blood 
lymphocytes, monocytes and granulocytes. The other gp53 MAb, RFAC4, 
however, failed to react with PBLs and thus resembles the anti-GMP- 
140 MAbs. Whether this reflects a heterogeneity in the gp53 antigen or 
defines a new activation-specific marker remains to be determined.

All o f the MAbs bound to thrombin-stimulated platelets from patients 
with grey platelet syndrome (GPS), storage pool disease (SPD) and Her- 
manky-Pudlak syndrome (HPS). GPS patients lack the stored proteins of  
the alpha granules but still retain the GMP-140 antigen [5]. These data 
suggest that it is unlikely that the MAbs are directed against proteins 
secreted from alpha granules or dense bodies.

Analysis o f the activation status o f platelets from subjects with condi
tions in which in vivo platelet activation may occur requires a technique 
that involves minimal manipulation o f the platelets to avoid activation 
artefacts induced by handling. We have developed a flow cytometric 
method that can be used for two-colour analysis o f microlitre quantities of 
whole blood that enables the simultaneous indentification o f two different 
parameters o f platelet activation.

Figure 2 illustrates an example o f this technique. In figure 2a we show 
the appearance o f the platelet population, identified by forward scatter (x 
axis) and side scatter (y axis) characteristics. In figures 2b and 2c the 
fluorescence profile o f the platelets is shown. The blood had been incubated 
with FITC-conjugated rabbit anti-fibrinogen (x axis) and PE-labelled 
RFAC4 (y axis). In figure 2b the cells have not been treated with agonist
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RFAC4

Resting (dotted line)

ADP 
I J *B| / ( 5 0  \ iM)

Thrombin (0.5 U/ml)

B lank

LF1

Resting

ADP (50 \ iM) RFAC1

Thrombin (0.5 U/ml)

Blank

LF1

Fig. 1. Flow cytometric profiles of the binding of RFAC4 (a) and RFAC1 (b) to washed 
resting platelets (dotted line) or to platelets stimulated for 10 min with either 50 piM ADP at 
20 °C or 0.5 U/ml thrombin at 37 °C.
LF1 = log fluorescence intensity.
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Fig. 2. Two-colour flow cytometric analysis of platelet activation in whole blood. 
Flow cytometer profiles of: a Whole blood, showing log forward scatter (x axis) against log 
side scatter (y axis). 1 = Debris; 2 =  platelets; 3 = red cells, b, c Whole blood incubated with 
FITC-conjugated rabbit anti-fibrinogen (x axis) and RFAC4 identified with PE-conjugated 
goat anti-mouse Ig (y axis). The sample shown in figure 2b is unstimulated in vitro and that 
in figure 2c had been stimulated with 0.01 U/ml thrombin.
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but have been kept at room temperature for 2 h to induce a small amount 
of activation. In this particular sample 15% of the cells have bound 
fibrinogen (regions 2 and 4). Of these, 4.8% have bound RFAC4. Less 
than 2% of the platelets have RFAC4 alone (region 1). Figure 2c shows the 
same sample of blood stimulated with 0.01 U/ml thrombin. Eighty percent 
of the platelets bind both the anti-fibrinogen antibody and RFAC4. The 
residual 20% of cells are negative for both markers.

Thus, it is possible to measure the extent of platelet activation in 
individual cells in terms of two parameters; in this case the earlier event of 
fibrinogen binding and the later exposure of a granule membrane protein 
following degranulation. The differential reactivity of the RFAC MAbs 
also make it possible to distinguish between platelets that are fully degran
ulated and those at an intermediate stage of activation.
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